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■ PREFACE '. • 

^ • This Course is designed for the treatment plant 
operator or te-chnician who is required 'to monitor % , * " 
effluent discharges under a National Pollutant Discharge 
Elimination System. (NPDES ) Permit -and who^ha^ had little 
or no previous epcperiertce in laboratory wor]^ 

' ^ _ ^ \ . , \ i . ^ — 1 ______ 

The Course will include a review of basic mathema- 
tics Applications in the chemical laboratory such as 
weighing techniques, use of equipment and solution 
preparation will be stressed. An introduction to basic 
microbiological techniques' will also be included. 

This^ maxiual has been prepared on a modular basis.. 
Some of the information . s^ach as weighing techniques ^nd 
solution preparation^ has been designed in a Standard 
Operating Job Procedure XS-OJP) format. It is believed 
that this "step sequence^' presentat j.on is easier to 
follow in an actual laboratory procedure. 
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MODULE I 



BASIC MATHEMATICS 

% 

In the calculation of results ^ for the •parameters of the* 
permit system, sevferal math^ematicai calculations are necessary, 
'This module will review the following areas: Metric System, ' 
Whole Numbers^ Decimals > ^ Formula s and P e rcentages .^ 

9 ^ A. The Metric System 

The metric system is' a decimal system of units for 
measurements of mass, length, volume and other physical 
constants. is built arpund a set of basic units and 

uses factors of 10 to express larger or smaller quantities ^ . 
of these units. The metric .system is i^ed virtually arourj^d . 
the world. The United States is one of" the last countries 
tp convert to this system. It is estimated that within ten 
years, all of our measurements will be expressed in metric *• 
units . . ' 

^ Table A.l shows the measurements that will be used in 
this, course as well as the common terms of* the English and 
Metric Systems . * ^ * . • ' : [ 

/ * . . Table A.l ^ - ^ ' 



Measurement 



Metric 



English 



Weight 



milligrams', grams , 
kilograms 



ounces , pounds , 
tons 



Length 



centimeters , milli- 
meters ^ .kilometers 



inches , feet , 
yards , miles 



Volume 



milliliters, liters 
: ^ — 



pints , quarts , 
gallons ^ 



' Temperature 



Centigrade (®C) 



Fahrent^eit (®F) 



To/exprjess larger or smaller quantities i prefixes are added 
to the names of the units.* For example, kilo added -tp the 
•w'Ord ^ram to give kilo gram. TheSe prefixes represent multiples 
of Id, making the metric system a total decimal system of 
measurements. ' . * , . 



er|c . ^ 



Some of ,the more commonly 
■ kilo-- — 



centi- 

t 

milli- 

4' ^ 



Examp]^es ; 



1 kilometer 

1 gram = 
1 liter = 



7a ■ 

uped prefixes are: 

) ■ . . ■) 

^ one thousand (iOjDO) times 

tl^euait expressed. ^ 
qne^undredth Cl/180 or 0.01) 

of the unit expr.essed. 
« — one-thou%andthr(l/10a0. or O^OOi) 

of the unit expressed. 



lOO'O meters 
1000 milligrams 
1000 milliliters 



-jJ^ u m erical <^eq^ivalents of English mea s urement s in ' -^tfee- Metric - 
System are given* in Table A. 2. Accepted abbreviations are 
given in parentheses. 



Tabla;A.2 - " 


Ip/Qight 


Length 


Volume 


1 pound =453.6 grams(g) 


1 inch = 2.54 centi- 


1 quart = 94& milli- 




meters (cm) 


liters(ml) 






1 gallons 3.78* liters 






" ^ (1) 



The standard unit length in the metric system is (the meter- 
'^A meter is 39.37 inches, a little longer than'l yard. One 
meter-^ contains 100 centimeters or 1000 millimeters. A kilometer 
contains 1000 meters. The standard unit of weight is the kilogram. 
A kilogram contains 1000 grams. Comparing th^se , weights to our 
pound '(16 ounces), we find .that 453.6 grams equal 1 pound and ^ 
1 kilogram is equal to 2.2 pounds. As with length measurement, 
prefixes ^are used to indicate larger and smaller^ units of the 
gram.^ The standard unit pf volume in the metric system is 
the, liter. The nearest common value comparable -to thie liter 
is a. quart ; '1. -0 0" liter equals 1.057 quarts (or' 946 ml-= 1 quart). 
The most commonly used smaller unit of a liter is the milli- 
liter, where 1 ]^iter equals 1000 ml. 

Two teipper^ture scales comiB/only used in reutine laboratory 
work are the ^ Celsius - (centigrade) scale, and the Fahrenheit 

. scale. A unit of temperature on each of these scales is 
called a degree. The symbol for the degree is ° and it is 
placed as a superscri^ after the number ^and before the temperature 
scale indicated.. Thus 100°C means lOQ degrees ' centigrade . 
The centigrade scale^ is . based on dividing the interval between 
the .freezing and boiling temperatures of water into'^'lOO equal '*' 
parts or degrees. The freezing point of water is assigned 

■ a temperature of 0 'degrees .and the boiling point 'of water 
a temperature of 100 degrees- centigrade. In the Fahren^'feit 
scale, there are 180 degrees between ^he freezing and boil- * 
ing temperatures of -water. On this acale the freezing pxoint 



RIG 



8 



of water is. 32 degrees and the boilipg' poj.nt is 212 degrees 
Fahrenheit, ' - ' ' 

i 

Abbreviations for the^e units of •^f^^P^r^'ture are;, 

degrees Celsius (centigrade) = ' . 
degrees Fa^hrenheit" • * = ' ap ' 

^ ^ . . |, 

The two scales , are shown in Figur^A.3. 



r 



•^Centigrade 



r 



100 Divisions 



100° 



100 



25 



V. 



■• -17.8 



-253.18 



° Fahrenheit 

ft 21^ . 



180 Div . 



or J 
10^ \ 



ions 



77 



32 Freezing point 
of water 



i 



•459.72 Absolute 
Zero 



Examining the temperature scales, one can see that there 
are 100 degrees between the freezing point ' and boiling poiht 
of water on the centigrade spale, and 180. degrees oh the' 
Fahrenheit scale. >Then, for each 1°C increase in temperature, 
the °F increases 1.8° I*. Conversions between the temperature 
scales may be done using the following conversion formulas: . 



op 



9/5 °C + 32 
5/9 (°F - '32) 



-3- 



What is the abb*rev;LatiQn for . milliliter? . 

\^ . - 

What is the l^umerfcal value of the following prefi'xes? 
-kilo 



ce^iti 
mini 



What ,is the approximat-e -temperature ' in °C if the 
Fahrenheit reading is 68° F? 



Which is greater"^ 



1' ■ 

1 lit«<i or 1 q^uart 



1 yard or X meter 



List one Metric and one English unit for mass or weight 



Lesson 2* Whole Nxainbers 



^ ^ ^. A whole number is a digit from 0 to 9, or a combination 
of digits, such as 15, 324, 2, 7241, The. place value in 
numbers are show^ in Table B,l. 



Table 'B.1 



• (/] 

■ a, 
o 

••H 

rH 
rH 

•H 

B 
U 

-o 

C 

a:: 



a; 



o 

•H 



o 



o 

H 



o 

Eh 



CO 
H 



o, 



r 



'Millions 



thousands 



Ones 



, The r\jamber is readT six hundred^ fifty-two million, , seven 
h.undred fourteen thousand, two hundred- twenty threfe! Kotice^ 
that th6 word "and" is never used in reading i whole number. 

To Illustrate the apcuracy of. a certain measurement in the 
laboratory, it' is often necessary to round off numbers,, n In 
rounding, off a number to a required number of places, keep 
as many figures to the left as are needed. Drop the other 
.figures and replace them with zeros. Examine the 'digit th*t 
is one place to the right of, the last figur^ required and 
follow these rules: 

(1) If this digit is less than 5, do not change the last ^igit^ 
retained. 



Examples ; , ' ^ » ^ 

9 12 bounded to the nearest^^n is 910 
621 rounded to the rjearest hundred is 600 
3,498,461 rounded to. the nearest jnillion is 3,000,000 



(2) If this d^^it is grSkter than 'five, add one to the la«t 
digit retaiped, . ' . , 



11 



■ * • . , ' • • V> '• ' . 

• Examples . , " • ■ ' 

47 rounded, to the near;d!st-.-ten . i''^' 50.-' 
. 8 68 .rounded to- t>h"e -nearest -hund3?^ed is 900, 

• 16^9 45 rounded J:o. the- i:^a;^.^st ''^^iiciysand-it, i7 ,0 00. 

0 If. this digit is exactly five^ the last digit retained 
is 'rounded off by increasihg it one number. • ♦ • 



xample s . ' ' . ; - . ' ^ 

. 65 rounded to the nearest ten is ^0 
75 rounded to the nearest -ten is 80. 
3.7,^500 rounded to the nearest thousand is- 38 , 000. 



Addition 

•In adding a serigfe j®f numbers, beg^iu witlT the column 
at the right. If the sujir of a column of digits is t^ri 
or larger, carry tha tens digit* and .add it to thV sum- 
of the digits' in the next oeiumn to tfie left.- The plus 
sign (■+> indicates addition. Always chetk your work. ^ 

Example . \ \ - ' * 

Check - 



2 ^8 6 
3 2 



/K ? 8 ' 6- I ^ ' 

I +1 3 2 J/ ^ 



«b " 3 .1 ^8 V 3 1 8 

Addition can always be cheeked try addiHg'do^n as shown in 
the above qrxample, 

Units such as grams, milliliters," GentWters, a 
usually^ encountered in laboratory work, ^it is therefore ' 
necessary to note .that; the units associated with a numbep 
should be carried into the final answer;^ ^' T' 



Example 

+ 1. + 



Check 



5 '2^ grams ^ +1 ^'^'^^ ^ gi^ms. 



3 8 • grams | / 3 8, grams y . 



2 0 0 grams-' ^^0 -0 grams 

■ ■ ■ • - J ■■ X- 

' Also, -Wie/unit of Wch numbet" must be the" same in 
performing these opyeratiqns . . ^ 



V. ■ ■ • ■■■■ 

Subtraction , » ' - 

Subtraction- is fhg opposite of addition. When we 
subtiract we take part of -a groqp away. from, the size of 
.the ^roup that is left.' The'minus sign (-) indicates 
subtraction. - " • . ' " • 

\ ' ' ■ • ' • ' . ■ . • 

^, ■ Addition can be used fo check the subtract ion 'operation 
Ex^ple * • , . ' ' ' 



50; ml 
-12 ml 
3 8 ml 



- 50 ml<e-v 
. -12 -ml . 

3 8. m l L 
■ 5 0 -ml—' 



Multiplication * .' . ■ ' • * . . 

Multiplication is a short method of adding^a number 
to itself a given- number of times. . " ' ' 

Examplje > ^ ^ • 



3^'times 20 means 20 + 20 + 20 or ^60 



or- 



20 
X 3 
>-60 



A knowledge' of the multipliqation ^-tables from two 'to 
twelve is necessary. The sigTlV^of mult'iplidat ipn is (X). 
£ach d-igit must ^e. kef t in its proper column- at. all times 
Multiplication may bi" checked by intercharigiog the • 
numbers . 

"fe^tamples , . ' 



424 
X 28 
•3392 
848 
TiFTT- 



Chec3<: 
28 

X 424 * 
112 
.56- 
112 

----- 



62 
X, 10 

62 



NOTE: The. produQt of any 
;mamber multiplied 
by zero is zero'.. 



In this -example' a short cut 




be used. 



- /• - 

Example 

. 6.2ml , * ' , . ' 

: ' - X 10 . ' ' , ' ' 

620inl ^ . . j> 

• ' Always §ure tjiat nuSfnbers are kept in the* 

proper columns and the^iinits carried to tHe , 
final answer. ' ' 

Division . ' *- , ' 

'Mvision ' is^ the opposite of 'multiplication. 

The s:^gn of division is ( + ) such as 8 + 2 . A ffaelriou 
also indicates division: such a-s 8/2 or 8. 

. 7 ■ ' 

; Division should be checked by multiplication. 

^kam^les^ ^ / 

' » SO gr'ams ' ^ 

2.5 0 grams/ 5 means 5 I2 5 0^ams^ 



#25 

0 

Check 



\ 



50 gramg . 

• • -AJ. ■ 

. ^T50 grams ■ 
' * - • • ,' 

y 138 

6532/47 47 r6 532 

47 • 
183 . • 
141 

376 

In this example 46 is -referred' to as the re- 
^^^aip^er and should be expressed as a fraction. 

im 



J 



138 — - Check: X 47 

552 
+ 46 



8- 



14 



EXERCISES 



Round the following numb'ei^'s to the nearest hundr*e(i: 
.a.. 952 ^. . ■ , ' ^ ■ - ) 

• p.. ' 2304 . • ^. 
. c. • 7248 . ■ 

d. 10,263 . ' 

t : ^ 

Round the following numbers t(fc the nearest thousand 
a. 12,826 V 
'.b. 5,556 • ' » 

f 

97,'^42 ■ _ . . 

P&tform the indicated-^operations : - 

a." 155 gr. b_. 962 gr. c. ■■251 gx. - 

/, 1_24 gr..- + 98 gr. - 79 gr. 



d. 2478 ; , e. 5,821 .. f'. 554 gr%'. 

.' ' -" - • . - 1,987 • • ^ , X24 



g. 254 ml • , h. S,242 / i. 14,004 

^ 50 " ' , X 152 » X 550 



j. 12454/55 ' - " k, 1358 gr./3 J. 554 + 24 
♦ m. ' 34&1 * 21 • ' / , ■ 



• / 



Le&son 3, Decimals 



^\ deciinal'or decimal fraction 'is ^a*^ special ki'nd of 
fraction wMose denominator is 10,100, 1000, 10,000 or 
any higher/ power of 10. A fractiogi ij^presents ,a part of 
one whole/ t^ng, A fraction ^indicat^ps 'that something tias 
been 'cut or^ivided into a number .of equal parts! For 
example, the following dircle is divided ^,into four equal 
parts- 

p /flHIIII \ 

\ 




One* of thfe parts of the circle is shaded.' This part ^ 
may be represented by the 'fip^ctidn l/,4. The remaining 
parts ^may be represented by the fi^actioji 3/4, , The top^.*^ 
part of the/ fraction is referred to ^ the aumer<^tor an'd " 
the bottom part of the f ractipnisj.s cabled the denomina;t/or < 



3 -* Numerator' 



U — Denominator 

To Illustrate ^ fraction as 
^ipeveral ex^amples: 



r 



_2 
10 



a decima-*, let us lo&'k at 



means 



2 + 10 or 0.2 



100 means ^ + 100 ok 0.04 
The place value in decimals is showrf^ in Table C.l 



Table C.l 





1 

4 

[ 






i 


" m 

■ ^'^ 




• 
























x: . 


/ 














V 














■M 




3. 








« 


* 1 




c 


O' 


X) 


a 






w 






;C 












u 
























rH 
















rH . 










^ ! 






' -H 








33 ' : 


— ti : 


H . 


, ^ ^ 


. 2^ 





. 9 



In the above number it can be seen that each, digit has a 



._-s^^^cafic^place"'^lxfe; i";e'. "'79" means sno.-'.OH Hfeans ' 47lWr" 
.007 means 7/1000 et6. All the numbers could be expressed' 

• as fractionsi, and 'added together.. This'~would give the. 
number shown. 

' Again as with wholq /^umbers de.cimals must also be 
rounded off to indicate the accuracy of certain .measure- 
ments. The same ¥ules for wltole nftnbers also apply to 
decimals . * * ^ . ^ 

Examples . ^. ^ ' ' 

' * » ' 

4.1073 rounded to- the nearest tenth is 4.1.\ 
V 8.4 7 ' rounded to\ the . nearest tenf)i is 8.5.' 

^ ^ Note that all decimals are dropped to the right 
^ * of th(?s^ required r 

^80.5123 rounded'^to the nearest , thousandth is 80.51^. 
0.00754 rbunded^to t"ne ^^earest thousandth is 0 . 008.. 

Addition . , . • 

—■ J • 

Decimals are added in the same way that whole numbers 
are added. Since on^y like decim^s can be added,, that is 
hundredths to hundredtns , and .tenths to tenths, the numbers 
are arranged in a^vertical column with the decimal points 
directly below ow^- another 



Examples 



* 4.5701 grams 
0.743a grams 
5.4131 grams 



+ 2 5. 



O-^SU In this exar%)le zeros mdy 0.284 

'^•6 added in order to keep •• 5.600 

the numbers -in th^ proper 425.000 
• . columns. ■ '. 

^ - " " 30.884 



Subtraction • • J\ 

• Decimals .are sabtracted in- the same way that whole 
tiumbers are subtracted. ■ , ^ 



Examples . , ' ' . 

'+^^^5 ml • 6.2 0 Answers may 'also be 

^19.7 ml J_ ^ n .u.^ ^ 

. ""'28. 8 ml , - '5.77 



ERIC - . ^ i 
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Multiplication 

In multiplying decimals multiply as yo^ do whole ^ 
numbers. Then, starting at the right, mark off as maji'y ' 
plabes in^the product as there are in the number's multiplied, 



Examples , 



~ 2.46 (2 decin^l plaljea) . 
X % ( 1 decimal placed 
1 . 9'6 8 (3 decimal ' places ), 

26:'421 (3 decimal places) 
X . \2 \ 0 decimal places) 
• 52 842 
1056 84. 

1105.682 C3 decimal placed) 



25.43 grams X ]^'S0 



. ,' 2 5.43 gram^ 

X ' 100 • ■ ^ 
' •. ■ ■•2514 3.0 0' ^ramsl 



. 2.5 .•4 3^ grams 
- 'X' 10 0 
00 OO , 
' .' 000-,0 . . 
2543 • * 

2 54 3 . PO grams 



or ■ 



Division 



Alyays be si^re that, the numbers are Jj^pt in the 
prop^r'^coluftVis . 

•f 



WheYi dividing a d 
steps should be follow 




al^'by aydeciij^al, the following 



4# 



' 1)- ?Tov^ tne decimal point c5I^Tn^~ divis"6r~To 

1;^he rigH'&'^of tl^e last digit and indicate*- - 
' - . where* the new^^eci'm^l point wij.1 bfe:. 

2 7 Mav3 the deeima^l point of the 'dividend to 
the "right the sai^ie number 'of places as 
' -the decima^l point ,w^t> moved in the 'di'visgr, 
ann^xi"Yig -zeros if neg^sSAiry. . 



, ,3) ^ Place the decimal point in th'e quoti'eint 

directly* above* the- new decimal, point in the 
dividend., . 

4) ^yide in the same, way. as ih the division o/ 
* whole .numbers . . : 



/ 



Examples . 



3J5..8 5/9. 9 

1 



■ 4^4 <^.uot^en1: 
: 1*8 .J^tS 5.^0 <«-"Divi'flend 
Divisor 35 6-5 , * ■ 



1. 25 , 
89 

, 356 



Checkc " 

4. X4 ' •■ 
X- -8 ..9 ' 

3726 . 
' 3312 • ' • 



+ ■ 



•3aB50 



. - r 



Thie n^umber of "places that ' th,^' answer- sh&yrd be.'*, 
carried out is' governed ")>y •the'>ajccui>acy"o£ ttXe'' 



me'lsuring 'devices* 

[) • ' 
42 ^raras./?84 s 284 '|42/0O0 



.147 



grams ; 



. > 





7 

t * 


13. •6a ^ ■ . • . . • - . 
^ ' . 11. 36 • : . . • . 

'2. 2*40 ' 




' ** 0 . 14 7 rounded 
'^,^0.15 grams. 


to the nearest. hun<ir^dth would * * 


/' , 


fi.' 
















• 


♦ * 
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. ■ / ' EXERCISES ■ , ' ' * ■ • 

Round the' following' numbejps to the nearest tent^h 

a. 26.1+23 ,. • , / ■ ^ " • 
•b. . 2.15 - , . .'• ' ,' , , 

c- 6Z4.91 

• ^ ,- 

Round the, fallowing i> umbers to the nearest thou^ndth 

'a. 0.6894 ) '. ' " . ' ' 

b. , J]. 00 23,9 

c. , •6'+. 23555 ' " • . 

Perform the indicatec^ operations : ^ 

a. 5.62 gr. b. -224.89 gr. "c. 48.7 ml 
+ ^^ gr. , + \ 9.78 gr., - 9.8- ml 



d. 24.6291 gr. e. 24,62 , f. . 264 ml 

-21.9764 'gf. ■ X- ' .21 ' X 10 



'g. '0.62''|. , 'h. 2.43l/0»8 i. 92/104 

X '.48 ' ' 
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Lesson .4, 'Formulas ^ . ' 

'A formula is an Equation .that' is used in sblving- math- " " 
ematical expressions. In using formulas, combihations 
of vwhcyle ^' numbers and - del^imals are 'included . T^/e operations \ 
of -addition, subtraction , ^murtiplicat ion and division are 
^l§p included. .An" equation is a 'statejnent that' one expression" 
, is equal, to a second expression. • ^ . ' 

* - . t * • 

* ' ' ( * 

Examples . ~ ^ . ' , - r 

a + b = ^c is an equation 

If a =r^.4^and b = 3 then c = 7. Expressed as an 'equation 
then- 4 U 3 = 7. Dne side of an equation must, always e'qual 
ther'other side. Kememb^r also that the equation tells 
which mathematical'T)perations must *e pe.rformed, ^ 

Mixed Operations . . ^ ^ . 

^ ^ To solve exantples containing parentheses, do ,the work 
within '.the pa^renthescss and proceed in the.^usual way. 'Within 
parenthe^ses and exaAples without parentheses do mul tip'lication 
from^left to right before doing "additions and .subtraction. 

Examples. , ' ^ ^ 



3 X 6 r 2 ^' 
/ ^ 18 - 2 =' 16 



If the subtraction Viad^been pei^j^rmed first therT the answer 
wb^ld hav^ beer) 12, which is incorrect'.' 



2. + {20 - (7. + 3')] = 

= -Stt + [20 -.'(id/] , 
'= 5U ♦ [20 - 10] 
= 54 10 
= 5.4 y 



-3-. ' . -3> X 6 



• a) ■ 21 X 6 
' 2 ' 



Next multiplication or division may^be 
performed . , ' . ' 

b) Multiplication Is-t ,126 "63 

• 3 • 

c) ) Division 1st 21 X g 63 



Cancelling factors in step .3 is an allowable - short cut 
It should also be mentioned that canqellation of units 
may be done simultaneously. ^ • . 

4. (221 - 62) (24) ' ' 

= (159) (2H ) ' _ 636 

■ 1 " ' ' . 

1 

5. Given the followin^g equation. 

A = (B-C) - . 

and the values ' * , ' 



B = 24,736mg ^ 
• C = 24,720mg 
D = 0. 05 liter 

Solve the equation^for -A. 



a) A = (2^,736 mg - 2^,720 mg) > 

.05 liter ^ ' ^' 



9 • = 16 mg 

.05 liter 



320' Tng/ liter 



1^ 



Note how the- units w.ere carried all th^ way 
to the final answep . ^ . , 
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EXERCISES 



Solve the following expressions 
a. 21 + (62 - 3) . = 



b. (6 ^2.) (12^ 9) = 



c. (21' X 3) + (5 + 2) 



d. (22. ^ - 21.1) (100) 
m, 50 " 



GiVign the fo^llowing formula: 
A = (B-C) (1000) . . • 



Find A. when B "= ,24. "52 3 J grams' 

C = '241-5197 gvams^ 
D = 50 •ml ~ • . 



Given^ the formula: . 
A = B X C/D 

Find .A when' B =. 2 0\l' ml , 
C ^ 0.0375 N 
' D = '15.0 ml 



t 
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♦Lesson 5 . |[;^ PerceE^tage 



Percentage is a term used to denote that* a whole 
quan^iity divided into 100 equal parts is taken as the 
standard oT 'measure* 'The word percent means per hundred. 
The percent sign^ (%) is th& symbol/for percentage. ' ' 



Examples '* 



^ 1. A ballplayer' had 30 hits per iOO hundred 
' times at bat,. Therefore he had 30/100 
. - (30 per hundred)' or ^ ^ • 



• , 100 = 30% 

Note I J The expression was multiplied by 
100 to arrive at d % ^alue. 



.2. J{ hunter hit 150 bullseyes out of 300 shots. 
Therefore » 



50 

III XXO^ -S0% "■ 
2 • ■ 

1 ' ' : . ^ 



Eff/iciency .measurements are usually expressed in terms 
of ^'percentage such as: 

/ ^ 

I 2 2-0 pounds of pollutants were coming into a 

treatment plant and. 20 ])ounds wer^ being dis- 
! , ^ charged. What is the eJ:f iciency ,of the plant? 



Then: 220 - 20 ^ -^q^ ^ ^ Efficiency 
/ 2 28 ' * 



= .91 X 100 = 91% 
% Efficiency is sometimes referred to as % removal 




O -18- 
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A basic equation for calculation of % removal is: 



% Removal = (A-B) x 10 0 . 

A . ' ' 

♦ A = Amounf^or concentration of a particular 
constituent in the ipfluent, ^ 

B = Amount or' concentration of a particulajT 
^ constituent in the effluent. 



References 



'"Mathematics, A Basic Course",' Dever S Sulten, Cambridge Press. 
" Mat hernial c s '''Made Simple", Doubleday Co. 

"Basic Mathematics", Volumes I-V, Daniel Borrow, Encyclopedia 
Brittanica. 
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EXERCISES 



Express the following decimals *a-s perc#ntag 

a , 0 . 0 2 . _ ' - ' / • 

b. ' ' 0.9^ ; 



J 



Solve the following express s ions 



a. ^50 - 21 „ 

45^ X 100 



b. 121 10 



X 100 



121 

■ U 

Express the answers as percentages, 



- ANSWERS 
* • Module 1^. Lesson 2 
The Metric System 



1. ml 



kilo = IjDOO 

centi = l/lOjS or 0.01 

milli = 1/1000 or 0.0^01 

20 OQ- 



4. 1 litfer 
'■ 1 meter^ 



Lesson 2 4 
■•-.Whole Numbers 



r. a. ' XrMil 
b . 2 , 3'0 0 

c. 7,200 

d. 'lOjSOO 



a. .J^jOOO 

b. Bj'OOO 

c. 9.7,000 



. a. 179 gr. 

b. 1,060 gr. 

c. 182 gr. . ' 

d. . 1,4.9 4 

e. 4.834 " -V^ 

f. 13,296 gr. 

. g.* 12 ,700 ml. ' 

h. 149 ,204" . ^ 
*.i. 7",702",200 

j . ^191 35/65 • \ 

k. 455»gr.'.- *\ 

1,. ■, 27 1/4 . "^^ s 
•m.. _^/t65 16/21 ^ 



ANSWERS 
Module Lesson 3 
Decimals 



a. 
b. 

a. 
b. 
c. 

a . 
b. 

c. ■ 

e . 
f . 

g- 
h. 
i . 

j • 



26.4 
2 . 2 

624.9 

0 .-689 
0.00 2 
64.236 

.5.91 gr. 
13 4.6 7 gr. 
38.9 ml. 
2.. 6 527 gr. 
517.02 " 
2640 ml. 
.2995 ' 
3. '0 38 
. 884 
36 .05 



* Lesson 4 
'Formulas 



1. >a. .180 
b. 12 
C' 7.87 

■ *d. 2.6 

2. 0.084 grams /ml 

3. O.05»N' 



Lesson 5 
Perc^nfage 



S 



1*. a. 


2% 






92% ♦ 




c. 


41% 




2 . a. 


95% 




" b. 


91% 






r 

J' 
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MODULE 11^ , ; 
CHEMIC%- LABORATORY 



-The analyses required under the permit system, 
will 'for^ the most part be performed in"a chemical laboratSp 
The sections- that follow will cover the basics of the 
cheniical laboratory. ' • ^ • 

A. Safety 

B. Bench Sheets and Notebooks ^ 

C. Labeling - ^ ■ 

D. _ Names and Formulas of Compounds 

'E. Care and Use of Equipmen^t * *' 

' I F. Matter 

j ^G.' Solutions' 

H. Use of Laboratory Bal-ances 

^ I. Volumetric Analysis 

The format used for part of thip section is 'referred to 
as Standard Operating Jo^^^ocedure (SOJP). It has been 
modified "^mewhaf .to me€tthe needs of this laboratory 
course. 

I . * ' ^ 

tesson 1, Labora4:ory Safety ^ 

•Learning latloratdfy safety* habits is something like * 
.learning to driv^ an automobite safely. at the start it 
^ takes deliberate lef fort , but when properly.^^rned it 

becomes 'almost second « nature . Safe practice, in the 
laboratory jrequiif^es hardly any more effort than unsafe 
' practice > jafid thjb impor,tant results are preventipn of 
injury or damage.' The laboratory is provided with 
equipment designed- tg help prevent accidents fyom occuring 
4nd to prevent or redute injury pr damag*6. if accidents 
should octrur/ You^ must- use the equipment pro.vided for the 
prevention df accidents (,such as ^fety- glasses and fume 
hoo(fs,^istc. -^It is also -necessary to know the" location 
and understand? 'the operation .of safety equipment for damage 
reduction-.due to accidents Csuch as fire extinguishers , 
eye w^sheff , etc) . . , . 

The safety equipment and procedures for operating 
follpw'in the next section. 
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BASIC LABORATORY SKILLS: cTlEMICAL LABORATORY 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOAlS/SPtGIFICATIONS 



TRAINING 
GUIDE NOTES 



A. SAFETY 

1. Safety Shower Burn- 
ing Clothing or 
Clothing Wet with 
Corrosive Liquid 



2. Eye Wash 

Corrosive or Irri- 
tating Cheoiical in- 



1. Pull on the ch«in/or ring 
' (as shown in the diagram). 




1. JJfrnove safety glasses arrd 
berid over until your eyes 
are dip«ctly in- the dual 
streams of water. • . 

2. Rinse- thoroughly until ^11 
of foreign material is Pe- 
moved. 



la. Water will flow at a very high rate and continue- 
to f>ow after you release the' ring. 

lb. If^yes are affected, 109k up toward the show^i>^ 
head to flush them.' 

Ic. If clothing is soaked with toxic or corrosive 
material, remove your clothes. 



I. 



la. Hold eyeS'Open with your hands. 



2a. 15 minutes is the recommended minimum time. 



II. 
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. BASIC LABORATORY SKILLS;- CHEMICAL LABORATORY v 




OPERATING PROCEDURES 



3. Tire Extinguishers 
Carbon Dioxide and 
Dry Cheniical Type, v- 




4. Fire Blanket ^ 
Burning Cloth1j;>g 
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STEP SEQUENCE 



1. Remove the .unit from Its * 
mount and , bring**! t close 
to the ftre area* 



* la. Carbon dioxide extinguishers* may be used on both, 
electrical and chemical fire. • 
lb. If a podl of burning liquidjs involved, the dry 

chemtcjl type should-'be used. 
Ic. Fire hoses and "soda-acid'' extinguishers are good 
\ for paper, wood or other corrmoft' combustibles but. 
are not good*cho1ces for some chemical fires apd 
wou-ld never be used 'on electrical fire^s. 



2. Pu>l the retainer ring. 

.3. Point horn at the^tase of ^ 
^ the fire.' 



4. Squeeze the handle. 



1^ Pull rope on side of 
cabinet. ^ . ^ 

2. Biegin unwinding blanket 
and wrappihg person se- 
curely inside. 



INFORMATION/OPERATirfG G0ALS/SPECI FICATIONS 



V 



TRAINING 
GUIDE NOTES 



III, 
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BASIC LABORATORY SKILLS; 'CHEMICAL LABORATORY 




RATING PROCEDURES 



, General First Aid 
Kit -V Minor Burns 
and Cuts. * / 



Fume Hood Venting 
of Toxic, Flammable 
and Unpleasant Va- 
pors and Dust. 




ERLC 



mm 



7. Safety Glasses 

MUST BE worn' AT ALL 
TIMES IN THE LABORA- 
. TORY . 

^ (Continued)^ 



STEP SEQUENCE. 



1. General first aid instruc- 
tions w'ill be available on 
kit and should be -fSl lowed. 



1. Check air exhaust system. 



on fan arttl -close front 
- shield to within one inch 
of bench top. ' 

3. The air flow fnto the hood 
should now be str^ong enough 
to cause paper to "flap in 
the breeze" w^^en it is held 
In the opening. , 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



la. In addition to treatment of minor burns and cuts, 
the kit should contain medication to neutralize 
the effects of, si^ljie toxic materials. Lt should 
also^contain chemicals to induce vtomiting as well 
as substances t6 help revive fainting victims. 

la. The hood as shown is similar to jnost laboratory ^ 
benches. It will include a sink, water spigots, 
gas and electrical services. The hood area is 
enclosed on three sides by a solid barrier and 

^ at the front ty a safety glass shiield which may 
be raised or lowered. 



Upon entering the labora- 
tory, obtain a pair of 
safety glasses and wear 
them . « 



la. Safety glasses are usually made of transparent 
plastic or of hardened safety glass. 

lb. Safety goggles are made to fit over regular 
'glasses. . ' 



TRAINING 
• GUIDE- NOTES 



IV. 



J 



35 



BASIC LABORATORY SKILLS:, CHEMICAL LABORATORY 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPEfTATING GOALS/SPEOIFICATIONS 



. TRAINING 
GUID^ NOTES 



7. Safety Glasses 
' (Continued) 



8. Vapor Detection 



9. Acid Burns 



10. Alkali Burns 
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1. Do not hold face directly 
over a container when 
noting^ an odor. 

2. Fan a littTe of the vapor 
. toward your nostrils by - 
^ sweeping your h^x\\ over 




\ over 
ntallipr. 



the top of the co 



1. Wash imnpdiately with large 
amounts of cold water. , 

2. Flush with a sodium bi- 
carbonate (baking soda) 
solution to neutralize tbe 
acid 



2a. A 10-20%''solution is recorrmend^d. This jolution 
can'be purchased^conrmercial ly. 



1. Wash* i 
•amounts 




^eT^' VI th large 
Id water. 



2. Flush With a boric acid 
solution. 



2a. A satura^:ed solution is recommended. This solu- 
tion can^also^be purchased commercially. 
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BASIC LABORATORY SKILLS: CHEMICAL LABORATORY 



OPERATING PRCCEDURES- 



STEP SEQUENCE 



INFORMATIOW/OPERATING GOALS/SPECIFICATIGI^S 



TRAINING 
GUIDE NOTES 



n. Acid Dilutions 



12. Specific Regulations 
that Should be Fol- 
lowed in the 
Laboratory. 



ERIC 
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When diluting any concen- 
trated acid especially 
sulfuric acid, pour ^the 
acid slowly into the water 
NEVER reverse the order. 
(Steam may form with ex- 
plosive violence. ) 



1. Read the label tv^^ce before taking anytHng from * 
the bottle. 

2. Never return unused' chemicals t<\ the" stock bottle. 

3. Do not insert your own pipets or medicine droppers 
into the ^eagent bottles. 

4. Do not lay the stopper of the bottle down in such 
a manner that it picks up impurities. 

5. Do not heat, heavy glassware such as volumetric 
flasks, graduated cylinders, or bottles; they 

^ break easily. 



.'v~ TRAINING GUIDE NOTES 
. ^' ■ " - ^ • . . 

I. Safety Showers' 

\ 

The valve- handle of the safety shower should be rigidly 
fixed and plainly labeled. J'he valve should readily open/in' 
either direction an'^^ re^nain o'pen until intentionally closed. 
Water flow pressure" must be sufficient to drench the subjects 
rapidly. The shower area must be kept clear of obstruct'ions 
and drainage provided where possible j tempered (not cotti) 
water of drinking purity sJiould be used in 'safety showers. 

II. Eye Washes ' , 

- . If emergency eye-wash f ounta^ins ^are used-, they should djeliver* 
a gentle XIow of clean, aerated water. A hand-held eye wash 
spray with a' 5-foot ho^ is more adaptable to unusual situation^', 
iricluding.head and body splashes, but should not be- located 
where it can be contaminnted" by waste 'materials . ^ye wash 
devices or hoses should be flu^shed a't -^least weekly.. It jyiust 
be understood by all that eye protection is infinitely mor e 
import'^^i nt than eve.washe^ . 

III. Fire Extinguishers ' , ' 

Fire extinguishers' in the laboratory should be- appropriate 
(up to 10-lb. charge) for rapid use.' There should be at least 
one for each- work' bench . ^Dry Chemical ( pressurizec^ bicarbonate 
powdeiO fire ext inguishers'.may be preferred for pertain araas," 
but carbo n dioxide is satisfactory for most small fires and is 
cleaner to juse. Extinguishers should.be recharged prompVly ^ *t 
#^ter use or whenever regular monthly weight? che'ck indicates ' 
Mnore* than 20 percent loss of^-carbon dioxide. Dry. chemical powde^i-'-^ 
ektinguishers cah be reppessurized when slightly below normal 
pressure;- If, however, tl^e pressure is substantially loWer 
than the operating pre'ssiire, the ext irig»uisher should be serviged 
to correct^ a leak. At le^ast one l^rge back-u^fire ^/^^nguisher 
,6f -dry chemical powder type should be convenidWrly located 
outside each laboratory. ' ' • 



IV. Fume Hood • " - . ' ' 

F^ime hoods should be sufficiently effective sc? that substances 
with strong ocjors, such as mercaptans and pyridine ,\are not' ^ ' 
detectable by thfe laboratory worker.' A 100-linear ft/min flow 



^at a standard height^ above tfte hood Surface of -the open" hood 
^i^ the; minimum that is consider^^d satisfactory, Flo.w varies 
mark'edly near the surface, <^Velometers should be used to sui^vey 
hoods on a yegul'ar schedule and the results posted' on the hood 
face,) l^ns ^ sfiould '•be located on the roof ^ so ttiat all ductwork 
in the building is under neg^^ve pressure,] 




0 



Ref erairices , >■ ' * , , 

1_. • Handbook _ of Laboratory Saf ety .^^ted- by Norman V. Steere • 
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besson 2. • Bench Sheets and Notebooks^ 



• ' In any lab*f^tory analysis it i^ necessar/ that the records 
of all work performed be kept in a logidial order. Bench sheets 
are used for day to day records of specific pairameters such as 
Biochemical 'Oxy^gen Depand ( BOD) Suspended Sollda, etc. A 
simple BOO'l^enc"?! sheet is s-hown below. 



BENCH SHEET B.O.D. DETERMINATIONS 



SAMPLE SOURCE DATE BOTTLE INITIAL FINAL ' DEPLETION 

nATF.' COLLECTED IN OUT .NO. D.O'. D.O. 



B.O.D. 



MG/L DIL. I MG/L 



The information that is contained on^a bench sheet should 
include the following: 

•1. Date * ' 

Always record the date the sample was taken. ^ It is further 
recommended that the time also be noted, since comparison 
with other" data will be more, i^^evant. ' 

"2 . Sample Designation * 

This should be included so that the exact sampling point 
is knoWn^ It -is recommended that a rough schematic of the 
plant be available so that the sampling points can be coded, 

'i.e. Influent #1 

Primary Effluent #2 ' ^ ^ 

Secondary Effluent #3 ^ 

Final Affluent #4 • ' ^ - 

On the previous Bench .Sheet , enter the .following ^information ^ 
in the propen format . A sample of finaA effluent was taken . 
from the La Plata Treatment^ Plant at 9:00 a.m., December 19, 19714 
for .BOD Analysis. ^ . 

The type of sample , whether it be grab cp?^ composite should 
also be recorded. , It should also be no*ted whethei? ^or not a ♦ 
preser<^ative was added. If it ;/&as , then the type and amount ^ ^ 
should. 'also be written on the label. - ^ c * 

3. Equipment Designation . . ' 

The equipment that is used for a pajlticular analysis ^^^^ 
must be coded in such a way t'hat it reflects * tp?; e'^tcict samp?5T*^ 
For example in the abov.e BOD analysis, eight b'G^tles'- will^e 
used^ The^ir numbers will indicate thei^r^^ icier^ti^f ibation and 
should^orrelate with the Final Ef fluent^sample .. • Ehter the • ^* 
following numbers on that sheet, 62, 114 , f7^8 , ^2 84 , *^1 , J?'2 , " ' 
48, and ^101. If we had been sampling all fonr points in 
the plant and used eight bottles ^f or eacfh p^int t;hen thirty- ^ 
two numbers would be recorded. " ^ Therefore it- is absolutely > 
necessary that the equipment; whether' il^ be BOD bottles or 
crucibles be recorded accurately. T * 

4. Raw Data ' . ' 



This typ% of informatidn includ^-^ welights / volume of sample, 
'etc. In the above example thfe l?aw>daSia^ would be Initial D.0^ r 
' and 'final D. 0 . ^ ^ 

In the above* sheet the following results wer^ obtained: 
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Initial, D.O. Aj-nal D.O. 

, 8.3 . 

Enter these numbers, on your bfench sheet 
O ■ - 
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1 

. When- the results have been tabulated the bench 3}:eet shculd L-c 

placed in a permanent bi?nder"for future reference, . t j| 

The laboratory notebook is also a necessity :cr the :.a': -.ratory 
worker. Its purpose is to^^tiave a permanent record^ oi all* 
phases of the analysis as it was perforirted. It may appear 
' that some informa'tion i.s being duplicated but for' the most par": 
it will ijiclude the additional inf :;rma tioa necessary to Tnake 
'the analysis complete. In addition to the five points previously / 
covered, the foll(aiwing information should be included i-n the 
notebook, ^ * . 

■ ' . ; • ■ 

6.. Observation of Abnormal" Conditions 

— z ■'■ . *» 

' " In a suspended solids determination accurate weights 
^ of crucibles and filter paper are alfsolutely necessary. If -the . * 
J ty^e o-f balance«used in the analysis is changed, it should be 
V^recorde^ in the notebook. If in^ the final weighing, the crucible 
iT, inadvertently touched with the hands, this should also/be 
, recorded. Many ' variances in final results can be found by 
simply referring back to this section in the notebook. 

; # . • , 

7 . Calculations , ' ^ ^ . ^ ^ 

In the computation of ^e .final results in the previous 
aiialyses the mariner iit which they were arrived at would be 
included in the notebook. ^ 

For Example.' 

Dep].etion (mg/l) = Initial D.O. -.Final D.O. * 
' = 8.3 - U.2 

= ^^.1 mg/l . ^ / * 

BOD (mg/l)" = Bepletion > 

' % Dilution (as a decimal) ^ 

.50 ^ ' ' 

■=8.2 mg/l - . • 

The use of bench sheet and notebooTcs then is desigped', so that 
we wili have a clear and concise record of everything -^hat is 
pertinent to a certa--»*n analysis. Do not rely on your 'haemory " 
for specific, details such as: Whi^h balance did I use? 



What crucible- was us^ f or influent? Where*\§^the papei;: towel 
that had the Initial « 0. readings? •ilhe b^ncV^sHe^t vfin^ii^flptebiook 
. should be the only tw items 'that you need for your day. to""'"^^-^^ 
day record^ keeping. * ' % 
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Typical Laboratory Data Sheet 
for * 
^TOTAL SUSPENDED, (NON-FILTERABLE) S^lDS^i^g/liter 
Name of PJaot ' 



STEP 


SUSPEWED SOLIDS 


M ^ ' SAMPLE 


SAMPLE 


SAMPLE 




B.2 


Identification 






INS #1 




B.2 


» 

Type (grab, ttc.) 


> 




GRAB 


2 


B.2. 


Date & Time Collected , 


• 




5/1/74 0900 


3 


B.2 


Sample Collector 






Tom Samoler 

1 will wUill^ 1 w* 


4 


• C.4 


-J-^' 

Filter Identification 








D 


•. E.f 


Date i Time Analysis began 


• 




5/1/74 noo 


6 


^.8 


ml Sample Filtered 


# 




67,0 


7 


H.6 


1st weight of filter* 
plus Residue 






0.1426 


8 


1. 10 


2nd weight of Filter* 
plus Residue (g) 


• 


• 


0.14T6 


9 


1.13 
>— 


Difference (lst-2nd) 




* 


0.0010 ' 


i \J 


1.14 


3rd Weight of Filter.* - 
plus* Residue (g) 






0.1413 


11 


-I.H ' 


Difference (2nd-3rd) . " 




• 


0.0003 


1? 


1.14 


Final weight pf^Filter* 
plus Residue Ig) / 


• 

■4 c 




0.1413 


13 


C.7 


Weight of Fil-ter* (g) 


f 




0.1293 


14 


K.3 


,r 1 iiu Lr 1 1 1 ci ciivrc vy / ' ^y iUDtr^iu LI ng 
Line 14 from Line 13. 






0.0120 


15 


K.5 


Divide' to 7 decimal places! 
(line 15) difference (g) 
(line 7). ml sample filtered 


' -\ 


* 


0.OOO179U 


16 


K.7 


Multiply Line 16 by. 1000 000 
(move decimal p^lnt 6 places Rt.) 

-* ^ ' ^ 4— T ' 






179.1 ' 


17 


K.9 


Round answer on Lfne 17 J 
to nearest whole number . / 






179 mg/1 ' 


18 




^ — ' 

Analyst 




1 ' ^ 


Mary Analyst 


19 



♦■filter" means the filteh disc if a funnel type filtration assembly 1s used. If Gooch 
cruc1b1fe5 are used "filter" means the crucible containing a filter disc. 



Lesson 3. Labeling 

When a chemical or a piece of e.quipment is used for a 
specific analysis,' it should have some type of identification. 
When, you prepare a chemical from a . stock container (purchased 
fpw^^ a supply house) 5 you must identify that ^chemical properly, 
fhe^s^ock container wiXl Ijave all the necessary information 
on its label. A genera*! . format for labeling reagent bottles 
is as follows. " • 









Chemical -Name 








Chemical Formula' 








Concentration 






Date 


Initials 



^ In preparing a chemical reagent a, specific procedure would 
^De as follows: . • ' 

prepare a sififuric acid solution 10% by volume by pouring 
10 ml of concentrated 'sulfuric acid XH2S0^) , into 90 ml 
N -of distilled w^ter. Cool the solution to room - temperat^ore 
; and, transfer to a storage jjottle. 

The label should be: 





Su}.furic Acid 












10% by Volume 






w ■ 




12/'19/74 




• ^ WTE 



All necessary' information has been ^included on the label to / 
properly /identify it.^ It t&kes a little mo^e time but it i/. 
well worth it in the long ru,n . 



Several labeling tools are available, and each has its 
place in the laboratc^. Most beakprs and flasks will have a 
hexagon space of ground glass which can be used' to identify it. 
,^22>A lead pencil should be used for^ this, type of marking. 

-Grease -pencils ate primarily useci for test, tubes. It should- 
be. noted that the grease pencil marking will readily ri^b off. 
When porcelain is labeled, a special technique should be used, 
since the item will be repeatedly heated and cooled. An etching 
device such as a Vibra-Groover , should first be used to put 
either a number -or letter on the item. Ne^xt the etching should 
be filled in' by rubbing it with a stick dipped in 1% Ferric 
Chloride /FeClo) solution (can either be prepared or commercially 
•purchasedO . The porcelain crucifcle or other item' is then placed 
in ^ muffle furnace (Approximately 600?C) and fired for 10 
minutes. After, cooling the porcelain ready for use. 
Whatever labeling techniques you use, De consistent, and remember 
that "the label 'is intended not only for convenience but also for 
safety. 
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Lesson Names and Formulks of Cdmpbunds-^ 



•In virtually every chemical analysis, the name and formulas 
of chemical compounds appear. Compounds, are pure substances 
that are composed of two or more elements. Elements ma^ be 
referred to as the basic buildiRs blocks of^ all substances. 
At preaent there are 105 elements known. ' These elements 
are shown in the -periodic tattle below.* 



Periodic Chart of the Elements 



Group 
lA 



Atomic 
Numbef 



N8m« 



H 

3 



HA 

4- 



Sff«M > 

J^"- Symbol 



Li Be 



/ 



11 


12 










































Na 


Mg 


MIB 


tVB 


VB 


VfB 


VMS 




VIII 




IB 


19 


20 


2T 




23~ 


; 24 


25 


26 ' 


27 


! 28 


' 2» ^ 








T<«Mff« 










MM 






K 


Ca 


Sc 


Tl 


' V 


Cr 


Mn 


Fe 


Co 


Ni 


Cu 


' 37 


38 


39 


40 


41 


■ 42 


43 ■ 


44 


45~ 


T 46" 


. <7 ; 












Ttti»art«« 










Rb 


Sr 


Y 


Zr 


Nb 


Mo 


Tc 


Ru 


Rh f Pd 


Ag 



MB 



55 



56 



. 57 



Cs Ba La 

87 * 



. 72 73 74 75 76 

r>*uiM , Ih^tn ItkcMrt Oum« 

Hf Ta W *T^e Os 



77 78 I 79 

»r Pt i Au 



48 



80 



88^ 



.89 



104 105' 



IIIA 


4VA 


VA 


VIA 


VllA 


r"s~ 


6 T 7 


8 ' 


i 9 






if* H<t 






\ B 

1 1 


c 


N 


0 


F 


13 


14 


" 15 


^ 16 


' 17 


i lUi-M 










Iai 


St 


P 


s 


CI 








k ^ 




^31 


32 


33 


34 






Aruot 






Ga-^e 


'As 




Br 


49 


50 


51 


52 


'53 








Tt-lw Ml 




in 


Sn 


Sb 


Te 


1 


* 81 


82 


83 


84 


85 












Tl 




Bi 


PO) 


At 



Uobte 
G.ise$ 

\ 2 

He 

10 

Ne 

18~1 

Arj 

' ""36 ~{ 

Kf I 

Xe 

Rn 



Fr 



Ra Ac 



Ku 



Ha 



Lanthankto S«fl«s 



58 ^ 59 



60 



61 

fr wMftM 

Pm 



r 



Actinid« 8«rlM 



9« 



91 



Th I Pa 





62 



63 



Sm 



92 



93 



94 



Eu 



64 ! 6S I 66 



67 j 66 I ,69 



70 



U I Np Pu 



95 

Am 



Gd I Tb Dy ; Ho 



96 ! 97' 



98 



99 



Cmi Bk I Cf i Es 

L__J • 



,71 r 

Er ! Tm j I Lu 



100 I 101 

Fm J Md 

L 



loi Lr 



-J 



* Tak-en from: Foundations o'f^ College Chemistry , Third Ed./ by 

Morris Hein, Dickenson Publishing Company, Inc., Encino^^ California 
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Each^element has a pa|;;ticular symbol. The symbol is 
an abbif^eviation for that element. * The eleme"hts 

♦ numbered (located above the -symbol) 1 through 92 occur' 
naturally (i.e. 'can be found in^earth^s crust, water or 
the atmosphere). Elements numbering 93-105 do not occur , / 
naturally but have been synthesized in small Nguantities in 

' the 'laboratory . The symbols that are used to represent the y 
elements are also used to represent^ compounds ; - For example', 
the compound NaCl represents the combination of sodium (Na) 
(#11) and chlorine (CI #17) and its name is sodium chloride. 

All ♦he chemical procedures that' are incl*uded in this 
course will always refer to a compound with its formula' 
and name together. For example: Prepare a 10% by^ volume 
sulfuric- acid (H2SOL1) solution by Weigh out 1B6.15 

grams of sodium thiosulfate (Ma2S203) . . . . ' In several of 
the chemical formulas^ you will note that subscripts are used. 
The subscript tells how many a,toms of that element are - 

contained in the compound. In water (H^)^ there are two ^ 

atoms of hydragen and^ one atom of oxygeH The subscripts 
help to differentiate* one compound from^mother. The 
compound hydrogen peroxide (H2O2) although similar to water 
-is obviously n.ot the samd since there' arje 2 atoms of oxygen 
in the peroxide and 'only 1 atom in th^ water. 



In choosing the proper chemical for an analysis, it 
cannot be overemphasized that the name and formula that 
occur on the label of the chemical must match the name 
and- formula in the procedure that has been given. Several . 
names may appear to be -correct because of similarities in 
spelliivg. such as: 

sodium sulfate Na2S0^ and 

sodium sulfite Na2S03 ^ ^ g 

These are not the same. fhe sulfate compound has one more 
oxygen atom than the sulfite.. Another minor spelling 
variation would be potassium nitrate KNO3 and potassium 
nitrite KNO2. What is the difference here? 

Ahother variation and, in fact, a very important property 
of compounds, is ^he addition* of 'the word anhydrous to the 
name. This- means without water. The chemical has been 
prepared (at the 'factory )• wi;thout water. If the chemical \ 
does have Water' in it, it wi^l ,be referred to as a hydrate r 

' hxamples . ^ 

' Sodium Thiosulfate Pentahydrate (Na2S203 ' 5H2O) 
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This means that the -compound has 5 water molecules associated 
with it. Note '.that the prefixes to the word hydrate are 
mono^ di, tri, tetra, penta, hex^a, hepta, octa, nona^ 
and deca referring to the numbers 1 through 10 respectively. 

Qalcium Chloride,^ Anhydrous (CaCl2) 

This means that the compound contains' no*water. 

When choosing a chemical for a'particular analysis, the 
stock chemical bottle must^be studied very car^'fully. It 
contains a label that gives the name of the compound as 
well as the formula. It also coJVtains (CAUTIONS) such as 
explosive, t6xic Cpoisonous). The hazards presented by these 
chemicals <^re not evident from appearance, smell, or every- 
day knowledge. Hazards must be foreseen and avoided. It 
is safest to assume that all chemicals, even water if not 
safely handled, can be hazardous. Read the label completely 
and follow the -warnings tha^: are indicated. The iabel will 
also mention any additional st'orage requirements that might 
l?,e necessary fo'r a particular reagent sucn, as [Store at 
25°C]'. The purity of the chemical is also indicated. 
Analytical or Reagent Grade is tfie higne'st purity. The' 
amounts of impurities are shown on th,e label. The word ACS 
(American Chemical Society)also might be shown.. This also 
means reagent grade. A lower grade of chemical would *be 
laboratory or practical grade. Usually, amounts of impurities 
would not be -lifted on this label. A sample l^be^ is shown-^ 
below • ' ^ 

Na2S203-5H2a -.5 lbs. ' CAUTION III 

• - SODIUM THIOSULFATE ^ Emits' Toxic Fumes Whcn^Heated^ 

'(cystals)^ Keep, container tightly closed, 

Do not take internally. 

Reagent, A. S. 

The exercises on the following pages 'consis't of 'various check 
lists and -consumable supply 'lis,ts . - For every ch^k list - 
there is a* consumablfe S'upply list. Complete these- as the 
directions state. 
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CONSLMABLE SUPPLIES I 



!• H80^. manganous sulfate tetrahydrate , MnS0^,4H20 

2. ^ 500 g, sodium hydroxide, NaOH • 

3. 125 g. sodium iodide, Nal 

4. IQ g. sodium azidej NaN 

5. 4 plastic weighing boats 

6. 1 small size spatula ^ 
1. 1 medium size spatula.- 

8, 10 g. soluble starch 

9, 10 *ml chLDroform 4 ' 

10. 185.15 g. sodium thiosulfate pentahydrate , Na2S20^,5H20 

11. 5'g. potassium biiodate (or potassium biniodate) KH(IO ) 

w 2 

12. 3 g. potassium iodide, XI 

13. 10 inl concentrated sulfuric acid, HoBO,' 

14 . pea or pencil 



'15. ' paper ( to record data) . ' ^ 



I 



c 
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CHECK LIST - I 



Chemical Names 



Place number from ."consumable" list I by matching'' name. , 

a*. ^ Sodium Nitrate ^ ^ ' 

b. Sodium ThiosulEate, Anhydrous 

^ c; Sodium Thiosulf at;^e- Pentahydrate 

; d. Carbon Tetrachloride 

e. Manganese Hydroxide 

f. Man'ganous Sulfate Tetrahydrate 

g. Magnesium Sulfate Heptahydrate 

h. Potassium Bichromate , 

i. Sodium Iodide 
j . Sodium Fluoricie 
k. Potassium Biiodate 
1. Sodium Sulfite 
m. ' Sodium Thiosulfite 
n. Dilute Sulfuric Acid , 
o. • Sodium Azide ' , ' 
p.^ Sodium Acetate * ^ " , 
q. Concentrated Sulfuric Acid 
r. Soluble Starch 



52 
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CONSUMABLE SUPPLIES - II 

1. Small wad of cotton " , 

2. 10. g. jiptassium dihydrogen phosphate >-KH2P04 , 
2 5 g. dipotassium hydrogen phosphate, K2HP0^ 

^. 35 g. disodium hydrogen, phosphate he^ahydrate Na2HPd^-7H20 

5. 3 g. amiAonium chloride, NH^Cl 

6. 25 g. magnesium sulfate ,heptahydrate , MgS04'7H20 
1. 30 'g anhydrous calcium chloride CaCl2 
8. 1 g. ferric chloride, FeClo ' *• 

O \ 

9^. Manganous sulfate •solution*, alkaline' iodide azide solution*, 
starch solution*, standard sodium thiosulfate solution*, and 
concentrated sulfuric acid*. * , - \ 

• ^ • j_ 

IQ. pen ,or pencil — "1 ||||^ j 

^11. V paper (for recording data) ' ^ 

12. grease pencil * - , 

* As lasted in the EMP on the Winkler Determination of. Dissolved Oxygen 
^zide modification. ' . 
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CHECK LIST - II . • ' 

» • 

Chemical Names: 

Place^^^mber from "consumable" list by matching' name, 
; a. Calcium Chloride Dihydrate 

. ' b.' Sodium Chloride ^ 

c. Ammonium Chloride 

d. * Ferrous Chloride 

e. Potassium Dihydrogen Phosphate^. 

^ f . Magnesium Sulfate Heptahydrate 

, g. Ammoni,um Chlorate 
h. Calcium Chloride, Anhydrous ^ 
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i. Ferric Chloride 

j. Dipolrassium Hydrogen Phosphate 



7 



5i 



* • • . • / * ^ .A 

1. 721 ;B mg anhydroua-pbtassium l^^trate, KNO 

I * - • ' • 

2. 5.0 g sodium Irs^nite.; NaAsO^ * \, -^^ 

34 ;g, bruc^ne sulfate-,, .( C2 eN-^O^ ) 2 • H SO •TH.O 

4. (J.l g sulfanilic" acid. NH^C H.ftO^H.H 0 » 

5.. 3 ml $i6ncentr:at.eci -hydrochloric acic 




6. 50Q nvl* concentrated sulfuric* acid, H 
7\ - 300_ g so'dium cTiloride , NaCl ' ' 




*4 



'4* 



CHECK. List - III 



Chemicial Formulae: ; "v . • ' / 

Place '.th^'-number- from the "consumable" list .by the matching formujiin 



- c. HCl 



4 



d. KNO.^' 



7H^0 



g. NaAs02 . 



1. 



3 - 4 



>. NH2Cg4C^S0 3H.H20 
k.^H2S04 
^ NaClO' 
m.'*' NaCl 



• , CONSUMABLE SUPPLIES - IV ' 

• 1 • 134 g pota3si\im sulfate, K^SO. J ; 

2. ^'200 ml concentrated *sulftaric acid, H^SO. 

3^ 2 ^ red mercuric joxide, HgO * * 
*4. 25 mi 6N Sulfuric acid, H^SO. ' . - ^ ' 

5. 500 g sodium' hydroxide, ^JaOH • 

I* 

6. -'25 g sodium thiosulfate pentahydralfe, Na2S^b 



7. 
8." 



200 mg methyl red irfidicator 



100 mg methylene blue indicator 
9. l^ml"95% ethyl alcohc/L, C^H.OH 



10. '20 g- boric acid, li BO 



-5. 



■ >. 
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CHECK l4iST - IV ' ' ^ ^ 

Chemical FormuiaeT' 

^lace the number from "coniuinablfe" list by^ the matching formula. 

a; ^HBiO^ ' ^' ' . \ 

• Wt. , ' \- 



t ' <:. -NaOH 



S 
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e; :H3B03^ ' 

f. '1CH3OH 

g. .Na2S203-5H20 

h. - . H^O 
i: .Hg2S(^ 

j. KHsb^ 
k. Hgft * 

i. ^'C-Hc6h- 

2 5 

■■ • '* 

m. •Na2S203'H20 

• ♦ 

n. K_SO . 

.0: H2SO4 

p. Na2S03**7H20 
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."Less£m^5, Care and Use of laboratory Equipment 

The chemical laboratory consists of a variety of equipment 
In order to perform the analysis, it is i^iecessary that one is 
familiar yith all per-tinent 'glassware as»,well as the major • ^ 
equipment. Tjie following lis^ting of items; with the correct, 
procedures for handling axe considered to be' minimum. The 
balance will be* discus^d in ar later chapter. 
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BASIC LABORAieRY SKILLS: ■ CHEMIGAL -LABORATORY 
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OPERATING PJ^CCEOURES 



'A. ^Laboratory EquipmAt 

1. Vacuun Systems 
(a) Pump 




'40 



STEi> SEQUENCE 



1. Check oil level in pump. 

*2. Connect pump to appro- • 
priate apparatus sucK as a 
filter fla^k^ ' ^ 

3. Plu/into 110 outlet and 
turn switch to (»0NM ' . 
position. ' 



iriFO'RMATION/OPERATING GGALS/SPECIFtCAJIONS 



la. Oil level should in gfass bulb 
2a. Use thick walle'd vacuum tubing . 



3a. If the pump does rrot. have a built in trap., then 
one should be'placed between the pump and flask. 



To'VacuLp- 
Pump 



.Glasstubing. 




. To Filter 
Flask 



GUss Bottle 



■ Water^rap 



3b. The trap will proiect/the^ p^mp parts from water/ 
' or ather Chemical contami nates r ^ 

*■ • » • ^ 
3c. Hous^" vatuum systems will be ^vailajble'at the 

lab^?ratK)ry bench. This is- control led from a cen- 
s . tral vacuum pump with a'bullt-in v/ater trap.' ♦ 



TRAINING 
GUIDE NOTES 
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.BASIC LABORATORY SKILLS.. CH EMICAL LABORATORY . 



OPERATING PROCEDURES 



(b). Aspirator 



2. Laboratory Burner 



Hottest part 
Reducing zone 



Unbumed gas 



Barrel 
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STEP SEQU^CE 



1. The aspirator is connected 
directlyto the cold water 

' tap. * ♦ 

2. Connect aspirator to appro- 
priate apparatus such as 

a filter flask. 



1. Connect burner to a source 
of natural gas. / 

2. Adjust the collar so that 
a small anwunt of air en- 
ters the barrel . 

3. Turn the^gas stjpply on. 

4. J3D«n the rrefedle, valve on 
tlrc burner about 1 turn, 

5. Light the flame. 

6. Adjust the flame so that 
the^hree zones are pre-" 
sent. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



2a. Use thick waited va cuuny ^ubing. 

2b. The wata^rap, shown "on previ<Jus page, section 
3a., should aUo be used with aa. aspirator since 
the water from. the* tap may back up in the filter- 
ing, apparatus . 



■ - ■ • • -v^ • 

la, If commercial gas lines are not available, self- 
contiined gas cylinders (propane, butane, etc.) 
may ffe used. ' ' 



4a. If.the gas flow is insufficient, the burner wilT' 
"backfire", - , . . 

5a, A flin^triker is recornme'nded . 

6a. The hottest part of the flame jjs directly above 
the top of the reducing zorje. 
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BA'SIC LABORATORY SKILLS: CHEM ICAI LABORATORY 
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OPERATING PRCCEDURES 



3. Drying ^Qven 




4. Hotplate antl Stirrer 




STEP SEQUENCE 



1. Plug Into 110 volt outlet. 



2. Adjust control on front ^to 
desired temperature. 



1. Plug into 110 tolt outlet. 



•2. ♦Place. container. to be 
heated or mixed on the 
unit. ^ 

3. Turn the appropriate switcti 
•ON'. * 



Since al 1 water' stil Is 
operate differently, the 
individual instructions 
accompan^ying the stilV 
should be followed. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



la. The drying oven is used to dry crucibles, glass- 

.ware, as veil as various chem'icals. It should 
" • have a heating capacity of up to 250RC artd be con- 
troljable to + O.SOC. . *' * V 

2a. JUsually between 4 and 5 will give a temperature of 
from^lOO - 1150C. Each oven should be calibrated 
to the specific temperature that i-s required. 



la. Since many solutions^need to be heated, either a 
hotplate or bunsen burner may bemused/ 



3a. The heating^and stirring units should' be able to 
be^operated independently or together. , 



la. Distilled water is required in nearly every test 
performed. High quality di-s^illed water can be 
obtained from several commercial- models. The 
capacity of a still should be datermined by 
spec ffic -needs of yotr lab. UsZally 1-2 gallons 
pef hour fs sufficient for mosl: laboratories^. It 
is al^o possible to add ejn \orf e^jchange system .to 
the water still in order to produce "ul^ra pure*^ ^ 
water. 



TRAINING 
GUIDE NOTES 
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BASIC LABORATORY SKILLS: CHEMICAL LABORATORY 



PPERATING PROCEDURES 



STEP' SEQUENCE 



INFORflATION/OPERATING GOALS/SPECIFICATION$ 



.TRAINING 
GUIDE NOTES 



5. Waer Still 
Jiftontinued) 



la. 



'6. Desiccator 



1. Remove lid. 




2. Add the'^Drieriti^to'the 
bottonv. 



3ij Place the porous plate in 
' the container. 

4. Grease the top of the con- 
tainer and the bottom of 
the lid. 

5. Replace the lid, makjTi^ 
sure that 'it is air tight. 



la. 



lb. 



2a. 



If the number of artalyses to be performed in a» 
laboratory is relatively small, the ,di sti lied water 
may J)e purchased from a comnercial laboratory. It 
should also be noted that a water stilT need to be 
cleaned regularly. Consult the instruction man-ual 
for specific details. 

The desiccator is used for the storage of chemicals 
or. erquipment that must be kepfmoisture free. It 
contains an-anhydrous material at the bottom such 
as Drieritw T-te^ontainer may be either metal 
or glass. ^ ^' ' 

Glass desiccators shiuld be enclosed in metal 
cages. \ 

Drierite^is a coim^ciat name for calcium sulfate 
(CaSO-). Other anhydrous materials such as silica^ 
gel may als'o be used. 



4a. 



5b. 

4 



Commercially available'^silicone stopcock grease is 
sajJ:isfactojcy. ^ ' . ^ 

If indicating Drierite Is used. It will change 
ffopi blue to red when it has absorbed its maximum 
amount of "moisture. TWs particular type can be 
regenerated by placing it in an oven. at 200°C un- 
til! the color changes back to b]ue. 
If hot crucibles or other hot items are being 
cooled, leave thejid "cracked" open for about 
5 minutes before sealing ,it airtight. This will 
prevent implosions. 
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BASIC LABORATORY SKI LIS : CHEMI CAL LABORATORY 




OP A;iNG PROCEDURES 
7. Buret . 




/ 




STEP SEQUENCE 



1. The buret is designed to 

' deli ver'^liquids tn a, con- 
tr^olled fathion such that 

: additions can be made'drop- 
'Wi;5e and final ^^i^lume de- 
^livereddetermined^. The 
str&tgpl|bore, 50 ml capeic- 

' ity witJ^B.l ml subdivi- 
sions and Tefloa stopcock 
i^^ recommended for general 
^s*e. Burets with larger 
or sipaller^ capacities are! 
also a\(^ilable. ^ 

2. Fill the buret by. adding 
the liquid with* "aid of a 
funnel to the toj^with the 
stopcock closed. 

3. Bleed out thtf.tip.so that, 
the orifice t^=irough the 

. stopcock and tip are frefe 
.of air bubbles. Xj^ 

4. Oispense^^Q liquid hy 
grasping tteVstopcocR with 
the left hlncN, leaving the 

" ♦ right hand free to agitate 
the flask beljow. 



5. f^ead tl^ meniscus, ^fter 
. the required volume has ^ 
been disp^xs^ • 4pt 

i ^1. ^ . * 



4" 



INFORMATION/OPERATING GOALS/SPECIFICAlIOflS 



7^ 




i 



r. 



2a. It should be .f^ 

led well a^ove the 0 ml mark. 

5 



3a; 



TWs- shoulcj be continued until 
«low) aft the iop Of the buret 



the meniscus, (see 
reads 0 ml. 



{ 



Meniscus 



^'"^ Correct eye level 



5a. 'The difference between the final turet^eading and 

the tnltlal tfuret reading wiTl give the exact v 
* -volume .dispensed, 

5b. By th-ft meU\Dd, it is not necessary to refill be- 
tween* -each jlS?feration. Simply caloiilate the dif- 
ference in buret reading as yoi^ontinue to '(dis- 
pense the. liquid. • * - ^ 
For example ml fir\ished 20.2 ^' , 



TRAINING 
GUIDE NOTES 
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BASIC LABORATORY SKILLS: ChfEl'ICAL* LABORATORY 



OPERATING PR£!CEOURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFltATIONS 



-TRAINING 
GUIDE NOTES 



7. Bijfret (Co'ntinued) 



8. Pipets 



;4 



I 

VOLUMETRIC 
.- PIPET - 



1. Deflate and conrtect a 
rubber- bulb to -the top of 
the pfpfet. 



ipet^/^ 



P 

Bulb 




2/ Allow 11quid-to risf 
the. top. 

i Remove bulb and control 
^ lumflTvyTth finger pressed 

Ttghtiy to' the top of the-i 
pi pet. ' , • 



70- PIPE! ^ 



5c, Be careful not to dispense below th.e 50 ml mark/ 
Measuring (Mohr) pUpets can be obta'iYie4 -f rom 0.4 
ml to 25 ml with different subdivisions, Th^ 
come in two types; those calibrated clear to^he 
tip. The 'first type is Sometimes referred to as' 
"blow-out" pipet, since -it is necessary to force 
the last drops out of the tip in order to deliver 
the meas^ured volume. The second type is jbperated 
similar to a buret. THe liquid is. drawn up into 
the pipet and the desired volume delivered by 
allowinft the liquid to dr^in out, usin^tfie nKtjni.s- 
cus as the indicator of volume delivered, 

la. The mouth is sometimes us^d to draw t*he liquid in- 
to the pipet; however, it is ROt^recompeHded^ 
since the solution might be ^tr^ng acf'd, base or 
some Qther toxic Sol uf ton. . .rS; 

H). In place of a rubber 'bulb, a commercially ava^- 
able automatic bulb may Be used; " * ^ 

Ic. Deflate the -bulb before connecting to; the pipet so 
that any contaml-nant in the bulb^s not forced in- 
to the pipet. ' ' - , 
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BASIC -LABOR'ATORY' SKILLS': CHEMICAL LABORATORY 



OPERATING PRCCEQPRES 
8. Pipits (Continued) 



I. 



9. Graduated Cinder 




-■J 
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STEP- SEQUENCE 



liiFORMATION/CPEPAlING GOALS/ SPECIFICATIONS 



Volumetric pipet^ are des'igrt^d to give the greatest 
accuracy in pipets. They will deliv^ only one volume 
and range in capacity frown \ to 200 mT. Their ^ 
operation is identical to the measuring pipets except, N 
-ttiat even, though they are designed' to deliver clear to 
the tip, they are NOT the blow-out t^pe^ They, are 
ca^librated to deliver the prescfibeB volume by simpTy 
t^ching the tip to tlie side of the contaijier for a 
few seconcfs, Jhe smalj drop ^remaining in the pipet is 
NQI includeji in the prescribed volume of the pipet and 
^$0 It should refrain in the pipet tip. 

Graduated cylinders are used^o' measure large volumes 
of -liquid' an'd come* in sizes /from 10 ml to 2000 ml * 
Th^yare calibrated "to, deliver" or "to contain". That 
means in*the first case tha£ if. the graduate- is filled 
and the contents poured out, it will deliver, the pre-" 
.scribed volume*. The drops left behind are not in- 
cluded. in the prescribed volume/ In the second case, 
if thQ cylinder is filled to the selected mark, it 
Contain^ the stated volurhe,.but will not deliver this 
volinne wl>en j^oured out. 

Ptasfic cyT'j'^ders are cal ibrated "to deliveV and 'tq/^ 
fontain" because'water wilj^not adhere to plastic as 
it. does 'to glass. ' ' ' • • 

Graduated cylinders ,do not«have the accuracy of the ^ 
^'^^■^'^tric flask/ 



TRAIN 
GUIDE 



ING 

NOTES " 
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INFORMATION/OPERATING^GOALS/SPECIFtCATIONS. 



TRAINING 
GUIDE 



The volumetric flask is designed to accurately measure 
kirge volumes of liquid, primarily in the preparation 
of reagents and standard solutions. They rangie in 
size from \ ml to 2000 mk^ This flask is designed "to 
contain" and not "deliver^ * The last few drops of dis- 
tilled water added to a volumetric flask to bring the 
level up to the indicating line should be added from^ 
a distilled 0tbr wash bottle. ^ 



\ 



The Erlenmeyer flask is-.a general ^rpose flask used 
for containing and mixing^soloitions. They range in 
capacity from'lO mt^to sJferal liters.' Although they 
have^ graduations on them, they are^ot considered 
volumetric glassware .and should not be used for accu- 
rate measuremer^ts of volume. The accuracy of th'e 
graduations is usually + S%. 



\ 



The filter flask is essentially an Erlenmeyer flask / 
with a side arm attachment to receive a vacuum hose." 
Filtration is accomplished by, placing a filter funnel 
in. the neck -of the flask and 'drawing the liquid through 
witti the aid of the vacuum. NOTE: Filtei^ flasks may 
implode if the glass has a weak spot or the vacuum is 
too strong. Working behind a^'safety shield is sug- 
gested. 
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BASIC LABORATORY SKILLS: CHEMICAL LABORATORY 



OPERATING PROCEDURES 



13. Beaker' 




14. -Funnels 





7G 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIOTIS 



Beakers are non-volumetric pieces of glassware and 
range in size f rom 1 ml to 4000 m] . Although they 
have. graduations, they should nOt be used to measure 
accurate volumes. 



The chemical fi 1 tering "funnel is avai]able in glass or 
plastic. It comes in a variety of sizes. They are 
used for accurately transf€rr\Tng chermcal solutions. 




.fRAIMNG^ 
GUIDE NOTES 



The powder funneUis plastic and is used for trans- 
ferring only solid chemicals. It also comes in a 
variety of sizes. , 
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BASIC LABORATORY SKILLS: CHEMICAL LABORATORY 




.1 NFORMAT I Or<y OPE RATING GOALS/SPECI FljRTIONS 



TRAINING 
GUIDE-NOTES 



The "Buchner funnel, usually maJle of^porcelain but 
available in plastic, is u3ed in solids determinations. 
It is used in conjunction *ith tl'ie filter flask. 



The GoOch Crucible is used in solids determinations. 
A piece of glass fiber filter paper is placed 'in the 
crucible, as a filter media, prior tQ a suspended 
solids determination. 



As shown, the Walter's Adapter is used in the filter 
flask to hold the Gooch CKuci>le. 
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BASIC LABORATORY SKILLS: 



■CfjEMICAL LABORATORY 



EMC 



— [ - 

■ OPERATING PROCEDURES 



17. Reagent St^(^ge 
. Bottles 
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STE£ SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFI€ATIOf^iS 



Glass stoppered reagent bottles or plastic (screw cap 
bettles are available for storing prepared chemical 
reagents. Strong bases such as sodium hydroxide 
^NaOH) tend to freeze glass stoppers.' Rubber or 
plastic stoppers may be substituted |n. this case^ 



,30D (Biochemical Oxygen' Demand) bottles are specifi- 
cally designed for tfite 50D test and have a capacity 
of 300 ml. Jhey have matching ground glass stoppers 
and are humbeVed for easy 'identification. , 



\ 



TRAiniNG 
GUIDE NOTES 



8.1 



BASIC LABORATORY SKILLS: CHEMICAL LABORATORY 



f|ting procedures 



19. Squeeze Bottle ^ 




; ZQ„ Tongs 



STEP SEQUENCE- 





• 82 



± 



INFORMATION/OPERATING GOALS/SPEtlFICATIONS 



Plastic squeeze twash) bot^j^are used to dispense 
distilled water during rinsing operali(Jns. 



Crucible ton^ are shown and should always be used in 
handling the jGooch' CVucitles. . There are other types 
of tongs available such as beaker tongs an* evapora- 
ting dish .tongs. 7^ 



This clamp is designed to sec\Ai\y hold two burets. 



r * 
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LINING 
GJTOE NOTES 
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BASIC LABORATORY SKILLS! CHEMICAL LAEORATORY 



OPERATING PROCEDURES 



, 22. Util Uy CI amp 



STEP SEQUENCE 




INFORMA^ON/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



The utility or combination clamp is used for thermom- 
eters, pipets^ glass tlibiog and a ^variety of other 
laboratc^y glassware. 

The autoclave is used for sterilizing solutions, 
bicterial growth meaia\ and glassware. It must have 
the capacity to develop and hoMJS psi at 121°C for 
any length of time. Size is |rot'important as long as 
i| is largt enough to accomodate the volume of wo^lc 
required^ Bench top sterilizers are satisfactory as 
long as they meet t^e above requirements. Each auto- 
clave is slightly different. Operating instructions 
are included with the instrument and-shauld be read 
prl^ to operation. Preferably, do not operate with- 
out* the ^instruction *-of someone familiar with the • 
operation of your particular itlodel . Use caution since 
the autoclave develops high pressure and high tempera-^ 
tiires. Always remove hot items with tbng or gloves. 



1S5 



BASIC LABORATORY SKILLS:' CHEMICAL LABORATORY ' 



opeMing procedures 



24. Tubes, Ciilture 



nm 



25. Bottles 



I. 

u . 




26. Inoculatioff Loop 



8G 



ERIC 



STEP SEQil£fiCE 




INfOR|^ATiaN/QPERATIN^GG/L$/$PEMFICATl6ri$ 



Xhese .tubes are availableWR a vaViety of sizes with 
either screw caps or snap caps. ' . ' 



Dilution bottles are ]ZTm] ^volume, glass bottles witti 
one calibration at 99 nfl. They are used for bacteriaT 
and sewage <;if1utioFts and can be autoclaved.- 



A platinum wire loop with a 3 mm loop is used for 
'bacteri(p1ogical transfers. A wooden or aluminum handle 
IS acce^]tab1e, The loop is sterilized betweerr trans- 
kting it- to' a redglow^in a bun$en burner 



^ers^.^^|||y,t 
flamfejPr 



^TRAINING 
GUIDE NOTES 
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BASIC LABORATORY SKitLS: CHEMICAL LABORATORY 



OPERATING PROCEDURES 



STEP SEQUENCE 



IhfORMATipN/CPEPATlNG GQALS/SPECIf ICATIO^iS 



• TRAINING • 
GUIDE NOTES 



27. Water Bath 




28.' Bench Mo^ 
Incubator 




Q > -64- 

ERJC 



A water. bath at 44.50C + 0,2^0 fs 'required for'^the 
feca] col i form tesf. ^The bath rriust be large enough^ 
to accomodate severaVplastic bags^ containing meftibrane 
filter dishes or tube's. This bath should have a sen^ 
sitivUy of at least +t).20C and* a 'range f rom Voorn 
temperature to 100°C.^ Several other tests requir*e^^ 
water baths at different t>emperatures.' Often ^^^'4flH| 
same^bath can be used,' but it must be easily adjusrW^ 
between tests',- 



Most bacterial tests areVun a-t 35°I, Therefore, an 
additional incuba.tor ts needed', 'T[# incubator should 
"^be large enough to ^ccomo^te Uie maximum rtumber'of 
^ plates which would ever be handled at the same tifie. 
Sensitivity should be '^tv least + 0,5°C. * 



I ■ 



u . 
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BASIC LABORATORY SKILLS:- CHgM ICAL UBORATORY 



OPERATING PROCEDURES 



STEP SEQUEt^CE 



INFORMATION/OPER-ATING GOALS/SPECIFICATIONS 



TRAINING ' 
GUIDE NOTES 



B* Glassware Cleaning 

1 . Cleaning Solution 
Preparation' Chromic 
Actd 




1. Weigh out 60 grams of 
^ j?ot'assfum dichromate 

(K^Cr^O^) in a 1 liter* 

Erlenmeyer flask. 

2. Dissolve the dichromate 

in approximately 600 ml of 
hot distilled water. 

3. After the solution is cool, 
slowly add 400 ml of con- 
centrated sulfuric acid 
(K^SO^) to the solution. 

4. After the solution is (fool, 
transfer to a J liter glass 
stpppered storage' bottle.. 



2^ laboratory Deter- 
gent . • ' 



'3. CI eani ng .Procedure 
for Burets 



30 



\ 



la. Chromic acid cleaning solution is commercially 
avail'able from severaT-chemical supply houses. 

lb. A balance that is accurate to the nearest gram 
is sufficient. 



3a. CAUTIONs Pour the acid slowly, since a large 
amount of heat willf be generated. 



4a. For' a stronger 'solution, it is permissible to de-^ 
crease the volume of Water used in stfep. 2 and 
increase the volume of acid used in step 3" to 
mafntajn a total of 1 liter. 

Alconox (available in powder form) or a suitable 
substitute should also be on hand for cleaning^labora 
'tory glassware. 



^A piece of volumetric^lassware'is 
'I if its surface is unifofrnly wetted 
Oily contamination prevents glass 
uniformly wetted; drainage* is then 
is not precise. A general rule is 
immediately after use, since it is 
to remove chemicals that'^have been 
and age. ' / 



sufficiently cTean 
by distilled water 
walls from being 
uneven and delivery 
to clean glassware 
much more difficult 
allowed to cake 
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BASIC LAbUKATUKY SKlUS: CHEMICAL LABORATORY 



OPERATING PRCCEDURES 



Glassware Cleaning 
<Contir»ued) 



.4^ 



Stopcock 



9:-; 



STEP SEQUENCE 



1 . Pour JOG ml of cleariing 
solution into a 150 ml 

" beaker. 
» 

2. Invert the buret in the 
buret clamp and, place into 
clean-ing solution as shown 
in the diagram, on the left 

3. Open stopcock and. 
apply sluctior) with a rubb&r 
bulb drawing soliition ^up 
into the buret. Fill al- 
most tjo stopcock, 

4. Close the stopcock and 
a1 low solution to ,stand 
for ten minutes. 

5. Open stopcock to allow ; 
cl-eaning solution td drain 
'back into the beaker. ' 

6. Rinse the buret thoroughly 
with distil led water. 



7\ 'Remove the stjDpcoc^. 



1 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



If after cleaning a srpecificoiece of glassware with 
detergent, it is found that ^ contaio^ witer drops'^ 
upon rinsing with distilled water,' then the followifig 
procedure must be followed: 



2a. The buret should be irmer^ed nearly to the bottofn 
of the beaker. 



5a. Cleaning solution should not come in contact with 
the stopcock. ^ . ^ 



Ja.' If Ifc is a ground glass type, remove grease with 



TRAINING 
GUIDE W)TES 
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BASIC LABORATORY <:k"1*I I rj^CM TTfll LABORATORY , 



OPERATING PROCEDURES 



STEP SEQUENCE 



\^ INFOBMATIOtj/OPERATING GOALS/SPECIFiCATIONS 



TRAINIfiG 
GUIDE NOTES 



B. Glassware Cleaning 
(Continued) 



4. Pi pets 
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8, Immerse the bottom part of 
buret into the cleaning 
solution and let stand a 
few minutes. 

9. Rinse thoroughly with dis- 
til led water, 

10, Wipe the outside of the 
buret with a 'paper towel. 

11. Replace stopcock and fill 
with distilled water, ' 



12. Pour the cleaning solution 
back into the stock bottle, 



11a. If the stopcock is grourid*gldbS , regrea^e it with 
sili'cane grease, and replace, ' Grease sfiould only ' 
be applied to areas indicated by the arrows. 

ll^^o not grease a Teflon stopcock. 

12a. The'cleaning ^solution may be reused ,unrM-Jt turns 
^ 'green, at which time it should ba di'scardeoT' 

Pipets may be cleaned using a similar procedure as 
with burets, leakers', flasks, etc.,„may,be cleaned by 
adding a small amount of cleaning^ solution', coating*'^ 
th^ walls of the container. The cleaning solution is* 
.then transferred back to the storage -container afid the 
item of glassware rinsed several times with distilled 
water. 

Jt canno't be overempfesized that proper ^a'ssware ' 
cleaping^as well £^ rinsing, must be" carried out at 
all times. Trace amounts of contaminants that remain 
due to carelessness may seriously a/fec't /:onc€tntration 
or organism growth ahd consequently your r^^WltS; It 
nast been foun* that as many as 15 rinses are ir^u/fj- 
cient to remove the contamination duetto chromium. 
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. Lesson 6 . Matter 



All objects in the Universe ' are -composed of matter. Matter 
is* anytl;^ing that occupies spacev^nd has ma^s'/ The • property ' 
of occupying space is easily perceived by our senses of sight * 
and feeling. The property pf mass pertains to thf quantity 
6f ^matter thatxa body contains. The -mass of a certain -body 
of matter does mot change. On -the other hand, the weight ^ 
of a Tbody pertains to, the force of attraction of 'the eanth 
for th^, body and is "dep-end^nt upon its distance from the earth's 
center^ ^If a book were taken to th^ top of .a mountain , it* 
would weigh less, than it does* at sea level, l If it were taken 
far out'into space, its weight would ^become rieglible. In. both 
•case^ the mass of the book has remained constant. Wh^n working 
in the laboratory we meastire q.uantities of matter in terms 
of /mass rather than weight because the mass of a body remains 
constant whereas the 'weight of a body is an "accident of its 
envdi:onment . The balance is used for measuring^ the mass 
of an object. " • 

Physical States of Matter . ^ - ^ 

'Matter aan exist in three stated, designated 'as solid/ 
liquidj and gas. These , may- be distinguished by certain 
q-ual^ities. *' ' 

a.. Solids T Ha\te a definite ^shape and a definite' 
volume . , . 

/ b. Liquids - Occupy a, definite \^olume but take 
. , « the shape df their containers. 

c. Gasec - Have neither a d,efinite shapa nor a 
definite volume. ^ ^ 

The .pljysical state of a substance, depends upon temperature; 
if the substance is "a gas, thei) pressure is also a factor. 
For example, wafer, a lic^uid at ordinary temperatures, changes 
to a gas (steam) when it is boiled ^nd to a, solid (ice) 
when it is frozen*. Carbon dioxide (CO2) gas on the other 
hany can be*^ changed Vo a liquid or a solid (Dry Ice) by' 
cooling and compressing it • slif f i^qiently . Other gases behave " 
similarly. Some substances m.^y change spontaneously from ^ne 
state to another. Water evaporating would be a typical Example, 
If a substance. weTe to evaporate very rapi'dly, such as ether,, 
then »it would be referred to as volatile . 

The physical gtates of matteip may be explained by assui|ing, 
that matter is composed of ^very small particles called mole«^' 
dules, Which a^e in .constant motion. In feolids , these 
•molecules' are packed Very close together. In liquids, they 
are not so close together and can roll easily over one another, . 
In 'gases, the molecules are- widely separated 'and uniformly 
distributed throughout the container. 



( 



Properties of Matter . 

A'lJroperty is- a -characterislkc of a 'substance which enables 
- us to reQOgniz'^ it. The p^operti^^. of substances may b&> classed 
•as either physical or chemical .- 

a. Physical properties ^include state, color^* { 
odQr, taste, density, solubility, boiling 
•point -ai* fre;e2ing point. -They are determined 
4 ^ without changing -the chemical ' composition of 

the. substance. ^ • ' 

'b» Chemical properties are properties that concern 
^ the manner ia which one substance reScfs with' 
another substance./ The fact that silver will 
tarnish, or that irop will rust is a chemical * / ^ 
property . - 

Changes of Matter . ^ * * : 

Matter^may yndergo either a physical or a chemica.1 ch<^nge. " 

• " ^\ A physical change is a chang^in ^state' without 
''a change in composition. \ 

Melting of ice\ freezing of water, conversion 
4^ , ^ of water to steam, condensation of steam td 

water, melting sulfur, chopping wood, dissolving 
sugar in water. These are. all examples of physical 
* change.- . In 'each of 'these there is a- change, in 

properties but there is no alt'erat^ion of the 
chemical composition of the substances involvexd. 

b. A chemical change is'^one in which a substance 
loses. the properties by which we recognise it,' 

produces a new substance. A chemical ctiange 
is therefore a change in composition. When ' 
carbon, a black substance, burns in air, an 
invisible gas consistipg of both carbon and ' 
oxygen (carbon dioxide, CO2), is formed. When' " 
milk sours ,^ the sugar in the milk, is converted ^ 
into. an acid and the composition and the *proper- 
ties of the acid differ greatly fr(om those of the 
sugar. . .Iron rust formfed by the GoWosion 6f iron 

/"^etal contains oxygen as well as iron, and it .is 
therefore a different substance wi^th different 
properties. . ^ - * 

. Laboratory Significance 

Some'o^ the more important' physical and chemical j^operties- 
that are directly applicable to^ laboratory work are as fpllbws: 



The volume of a substance can ch^jige w:^th 
/temperature, consequently all soliiticns must 



\ 
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be retuprned to room temperature before dilution, < 
AJ,st) the" volumetric glassware such as buret , 'pipet 
and Volumetric flask should never be heated "since the 
graduations will change. ' ' \ 



2. A chemical label with the words ^'deliquescent" or 
"hygroscopic" indicates that the container should 
always be kept tightly closed to prevent entry of 
water in the atmosphere. 

Hygroscopic substances are ^substances that can absorb 
moisture from the' air "withoyt becoming wet. Rice is plated 
in a salt shaker to keep the salt dry. 

Deliquescent substances, when exposed to th5 air, absorb ^ » 
enotigh moisture to tecome wet. Sodium hydroxide jjNaOH), 
calcium chloride (CaCl2) are examples of deliquescent'-substances . 



\ 




' BA^LABQRATORY SKIIIS: r,HFMTrfli LABORATORY 



OPERATING PROCEDURES 
A. Vollime /Temperature 



STEP SEQUENCE 



Dependence of Liquids 



/ 



99 ' 



1. The following materials 
are needed for this ex- 
periment: 

a. 3 25D rnl (or 200 ml) 
volufnetric flasks. 

b. Bufisen burner. 

c. 2 600 ml beakers 
d; 1 metal' trough 

e. Ice 

f . 1 r*ing and ring^ stand 
' g. 1 thermometer 

2. Fill a ^30 ml beaker with 
< 300 ml o-f tap ^ter and 

cool in an ice bath. 

3. Till .the other 600 ml 
beaker with 300 ml of tap 
water and heat over a bun- 
sen burner to 850C. 

4. Fill each volumetric flask 
to the base of the neck. 



5. Use a squeeze bottle to 
fill to the graduation 
11 ne . 

6. Let all flasks come to 
room temperatur^ and ob- 
serve the level of the 
Water in the flask. * 

7. Record all results irv^your 
.laboratory note^book. , 



ERIC 



3a. Use the thermometer *to determine the temperature. 



4a. 1 flask with cold water ffrom ice bath), 

4b. 1 flask with hot water. 

4c.' 1 flask with room temperature water. 



100 



4. 
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BASIC LABORATORY SKILLS: 


CHEMICAL LABORATORY 


* 








• 




OPERATING PROCEDURES 


STEP SEQUENCE 


I N FORMAT I ON/OPERAT I NG GOAL S/ SP Et I F I CAT I ONS 


TRAINING 
GUIDE NOTES 


B. Deliquescerrt Sub- 
stances 

• 


1. Place 4 sodium hy<Jr^oxide 
(NaOH) pellets on a watch 
glass. 


la*. Note 'app^ar.ance immediately and mark observations 
in notebook. 






2. After the sodium hydroxide 
. (NaOH) has been left 'out 
for six hours, note the 
appearance. 


1 




• 


3.\Record all results in your 
laboratory notebook. 






. / ; 




I 

• 


e 
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• 


* 
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Lesson 7. Solutions 

• # 

Wastewater is a complex combination of water, floating 
and settlea^e so}.ids, and dissolved solids. It is possible 
to separate ^the components of wastewater by physical and 
mechanical processes such as screening, settling, filtration 
and evaporation. Since this is the case, the chemist, calls 
wastewater a mis^ture . ^ ' 

^ Let us takp a. sample of raw wastewater and run it through 
a very fine filter.* All the floating and settleable solids 
will be removed. The filter also' removes the turbidity. The 
filtrate , the liquid which .comes through the filter, is a part 
of the original mixture. It contains water and dissolved solids. 
This clear liquid could be separated into two 'more components 
by distilling off the water. The dissolved solids would be left 
^ behind. Thus, the filtrate, too, is a mixture. But it is a 
very special mixture called a solution . The term solution re- ) 
fers to homogeneous mixture of two or mojae substances. The 
molecules of these substances are evenly distribute!^ among one 
another. Because the particles in a solution are all the size 
of molecules^ we can not see any one comporrent. A solution 
appears to be one pure substance. The components of a f solution 
will not separate by settling. 1 

The subject of solutions has been introduced by looking 
at wastewater because .it is a mixture known to most of you. 
However, there are many other solutions which ,are familar to 
you. We will now use some common solutions to continue our 
'Study of this important topic. 

Chemists classify, solutions into three major grcSups: 

1. Gaseous solutions 

2. Liquid solutions 

3. Solid solutions i 

.We will look at each group separately I 

Gaseous solutibns are made by mixing one gas in another. 
Air is a gaseous solution.' .Air is made of nitrogen, oxygen, 
argon, carbon dioxide -and very small amounts of other gases. 
The molecules of each gas/mix evenly to make a . homogeneous 
mixture called air. The molecules of carbon dioxide are heavier 
than the molecules of the other gases but they do not settle 
out* We know that the amount, of oxygen in a sample of air can 
change. There is less oxygen in a sample from the top of a 
high mountain than there is in a saii^le iaKen at sea level. 
Therefore, ve must add to our description 6f a solution this fact' 
# . - ' 

The composition of a solution is changeable. 
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Liquid solutions are made by dissplving a gas, liquid <tc 
a_solid in a liquid. Tap water is a solution- which contains 
dissolved oxygen. The oxygen molecules are mixed uniformly V 
With the water molecules to make a honjogeneous mixture. The ■ 
oxygen molecules do not settle out -if the mix,ture i^ allowed > 
.to stand undisturbed. ^"Old. Granddad"* is an example of a Mqui-d 
.dissolved in another liquid. The alcohol molecules are diWlolved-. 
-uniformly in the water. We know this .because every jigge> 
tastes the same'. The components of 'Vld Granddad'" jlo npt ' ' . 
separate by settling. A sugar-water solution is an example of 
a -solid dissolved in a liquid* The sugar crystals-, breakup 
into molecules which mix uniformly with "the water molecules. 
This- gives a mixture which is homogeneous and the>;'^ is no'^ settling. 
We must note here that liquid solutions' ^so have variable 
comp&s-itions. Alcohol-water sol,utions have different' strengths.-* 
Suga'r-water solutions can- be 'very sweet and not - - . 
_ so sweet depending on the alpount of sugar added. 

1 

"Solid solutions are solids in which the molecules of one " 
component are randomly'^ixed with the molecules of another 
component. An example 6f a solid solution ^s brass, an alloy 
of zinc and copper. SUeWing silvei? is a solution of copper and 
silver. \ . • * • ^.^ 

9 

We can now list the characteristics which al^e common t6 all 
solutions: 

1. Each component is broken down into mplecules 
or atoms • ' ^ - , ' 

2. The molecules or atoms of each component are mixed- 
uniformly.' * 

3. No one component will settle out. - \ 
Solutions are -clear and transparent: ' '"^ 

5. The c6mposition of a solution can vary^ 

To complete our study of the nature of .solutions we must' 
note two prope-rties of solutions. These properties apply to 
all solutions but in varying^ degrees. The first is the effect - 
of mixing two substances on. the total volume of- the solution. 
When one liter of alcohol and one liter of water are mixed, /-^ 
the total volume is less than t^o liters. When sugar ^is 
dissolved in water', the volume of solution is larger than the 
original volume of water. Thus mixing two substances fo make a 
solution' may cause the total volume of solution to be greater or 
less than, the total volume of liquid(s) used. 

The Second property is a temperature change caused by 
mixing two different substances. When sulfuric , HoSOn' 

or ^ sodium hydroxide NaOH , are dissolved in water, the solution 
initially, becomes hot enough to boii or at least form steam. Making 
Solutions -of either H^SO^ or NaOH .should be doi>e slowly and 
carefully. Use about half the water required and add the acid or 
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base to the water slowly. Allow time for this mixture to'cool. 
, Then ad^ the remaining .wa^er required slowl^. Most acids- and 

bases will cause a temperature increase wAi rKiJced with water. 
- The temperature increase results from the reaction of the water 

with the acid or base. Acids react with water to t5rodnrf> 

electrically charged hydrogen atoms called hydrogen ions, h"^.' 

Bases react with water producing hydroxide ions, OH". These j 

two different reactions both produce heat. * 

»' " The .temperature sometime^ decr,eases when making a solution. 
Wien .sodium. thiosulfate,'^Na^ 0 •5H^-0),-is added to water, the 
solution is initially, cold. WfieS you discover this problem in 
making a solution you must first dissolve the chemical in about 
halT the required water.' Allow time for warming. Then add the 
rdina4.ning required water. • \ . ■ • 

y • ' * 

Before we go to a new topic, three new terms must b'e intro- 
duced: 



a. Solute 

b. Solvent - , • ' 

c. Sqlubility 

.The solute is the substance which dissolves. The solvent is the 
substance which does the dissolving. For a solution Involving 
a ?olid mixed with a liquid, the solid is considered the solute 
and the "Liquid is. the aplvent. When a liquid is mixed with 
water , the water is thJ solvent and the other liquid is the 
solute. 



Examples : 



1. A salt-water solution. 

2\ An alcohol-water solution. 

3. An acid-water solution. 



Solute-salt 
Solyent-water 

Solute-alcohol 
Solvent-water 

Solute-acid 
Solvent-water 



Solubility IS a term which^dgscrihas the maximum amount 
of solute which will dissolve in the so^Veht: Solubility 'JLs 
a property of the solute .not the solvent. Table salt, (NaCt) / 
will dissolve in water. The, maximum ^ount is 31.1 g. in every 
100 g..of water. If the solvent is alcohol only 0.051 g. of 
NaCl will dissolve in>00 g. oF solvent, When gasoline "is the 
solvent theysolubility of sodium cljloride is 0.000 g. per 100 g. 
of solvent. You can see that the solubility of a solute will 
change when th6 solvent is phanged. . * 

The solui»ility of a solute in a specific solvent can be 
affected by temperature changes. In general, the solubility of, 
solids' incfreases with an increase in the temperature pf the solvent 
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The. solubiliW of sodium nitrate, NaNO , in water is 75 per 
loo g. of wa\er at O^C, and 127 g. per^lOO g. of water at 60^C. 

The aolubility'of gases decreases with an increase in the 
^temperature on^the solvent. The solubility of o>^gen in water 
is about Is mg\ in I liter of water at O^C, and^^'out 9 mg. Iri* 
1 liter of watdr at 20^C. 

The subject Df solubility and the variat?le nature -of the 
solubility of a solute suggests the problems ^f Bpecifying the 
actual amount bf\ solute dissolved, in a solvent. 'The problem 
is particularly important since many chemicals must be dissolved 
in water, before they can be used. To solve the problem chemists 
have' ^developed a number called the "concentration", of the soluti 
The concentration^ nxamber describes the amount, of solute in a' 
convenient voJLxameiof solution. Suppfose 1 liter of solutiola 
contains 100 g. o£ potassium iodide. The concentration is 100 g4 
•ger liter o^ 'solution or simple 100 g/1 of potassium iodide in 
water.' ^If £ive liters -pf solution cpntains g. of salt, then 

the. concentration is 750 g. per 5 liters. Sihce 5 liters is 
not a "convenient" volume, we use a' proportion to find that 
750 g. per 5 liters is the same. as 150. g. per 1 liter. We say 
the concentrati on' is 150 g/1 evep though ther^- are actually 5 
liters of solution. - ^ • 

) . - 

The concentration of a solution can loe , found directly 
using the formula below: 

Concentration = we ight^o f so lute 
^ • - ^ volume of solution . ^ 

For example, 600 mg. of NaCl is dissolved in 0.5^^1 of solutit^n. 
The concentration is: , 



^1 oj soli 



Concentration = 600 mg. 

0.5 1 - 



Now we simplify the concentration n\imber by dividing- the denom-' 
inator and the ^tiumerator by*0.5| * ^ 

Concentration = 1200 mg.. or 1200 mg/liter I 

1 liter' ^ . I 

^ The concentration is normally reported in the units mg/1, 
g/i or ppm. If the weight and yolum*e data a^re given in units 
other than milligrams or gram6 ahQ liters, you can change the 
given units by the appropriate conversion f*iutors. Then use the 
formiJla given. Remember that: ^ ' ^ ^ » 

' 1 mg/1 = 1 ppm 
1000 mg/1 = 1 g/1 , ' 
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Two other -units of concentri^t ion conunonly vised' in - chemistry 
\normality (N) and molarity^ (m These ,dre ' e^nlp!l^« .of 



/ 



JO units: 



ot 2 SN.'H^SO^"^ — ^means. a 0.25 riQ<rj|al'^^'Sc5l^tie>^ 
. of sulfuric acid/- * V"^' 

1 ' ^ » * • 

2 'M NaOH _ — means a ^'2 'molar solution, of sodium 
' • kydroxid'e . • " . ' 



It should be -noted that the term N/5 0 meai;is 1 N or 



0.0 2M. 'Also 



50 



N/40 means*l *N 



0.0^ 5N 



N/LO means 1 N // = 0 . IN 

10 ^ ■ . ^ 

These terms are sometimes used "<and their . fOrma4PLsWu Id. 
be noted cjardfully. ' 



\ 
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♦ Lesspn 8^ 'Use of. Laboratory Balances \ 

i There are four type& of balanqes commonly used* in ' 
laboratory work. They ar^:"' ' ( • * . ' 

* \ ' ' ' ^ * 

D the double-pan ^naiytical balance, . ' 

. . 2) the single-.pan electric' analytical balance/ 
' V 30 the. triple beam'or trip'" balance , and 

• ♦ ' H) nvthe top-loading electric balance,'^ 

In this lessoFi ,you >will receiv^ background inf ori]^at ion_- and . 
' o-p^erational procedures fo^^ each iO'f the four balafices. 

41 The dbublei-pan analytica^l balance is 4 precision instru- 
ment, used ^to obtain weirghts to' the nearest O.OOOl.g.. This 
'balance ^can \v^eigh,the oi'l from ypur.skin left by a fingerprint..^ . 
The maximum .capacity is generally. 200 .g. It' is atvery d^licat^ 
Instrument and must be handled very careYjilly'.^ Fon the 'best _ 
'possible operation the double-p^n analytical balance should be; 
•-isolated from the rest of the lat in a constant temperature, 

constant humiddty- rodm^^ If this, is-uot- passible, good, results. * 

can be obtained by'^pl-acing the balanq^e in protected area of 
the lab away from wind currents ' an'd corrosive -fumes . The 
balan.ce should be positioned on a separate table with no other 
equipment and the table must be"" level and very sturdy. Mever 
jostle this balance. The -k^lance.' must be kep.t pleah af^Ll • 
times to obtain good results Oper^tion^ of the double'-pan 
analytical balance requires a set -t^ standard weights. These* 
weights must ^e kept ^clean and dry- at all • times . \ Never pick * 
the weights up with your hand^. Handle them only^with the 
clean, dry forceps provided.* - ' " - - ^ ^ \ 

♦ ThereL are several dif f-erin^^rands of doutl^'^pah aoalytical 
balances , on the m^ket^nd. in *use today . For this reason the^ 
^procedure presented in this lesson is general in conter^'t. You' ' 
Will find several ref^nenc^s in the procedure to the 0 t.W manual 
for the specif ic * balance . - If you d6 nbt have an 7O S M manual for 
your balance , #mak-e a written request, fpr one to the manufacturer; 
for your work in this .course i '^^ur instructor -will , care-fully 
describe all the controls amd operations of the balance you will 
use. ^ ^ . • ' 

The single-pan . electric analytical balance is also accurate 
to O'.doOl g. The j^aximiyn capacity -is generally 200' g. .It-iSv 
very delicate and requires all- the precautions stated for 'the 
double-pan ^nalytj(pfal balance.- This balance is a self-contained 
unit and requires no stg^ndard weight set. ^ 

Single;-pan analytical ba^lances are^ produced by^ several 
manufacturers and each manufacturer makes: many different types 
of balances. Therefore; the procedure given in^this lessoji is 
very gene^al. Y^u -must have ati 0 £ M 'manual' /for your balance. 
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The manuf actiirer will provide one' upon . request The ' instruction' 
you receive in' this lesson, will allow you to operate any single-^ 
pan analytical bala'nce after a little practice. The instructor ' 
wMl ' fully explain the^alance you will upe. ^ 

,The triple' iMM balance, 'is .on^ of the. least accurate 
'balances used, in ^fooratory work . It weigjis to the nearest 
0,1 g. You may "have one that weighs to the nearest 0,01 g. 
The capacity pf ' tjiis^^balance ranges 'from 200 g. to 610 g. The 
trip baJance is very sensitive to. air currents in the lab. A 
person walking* By the' balance while it is in operation can cause. 
ifla•cc^ratp results. . The trip balance is a delicate instrument' Jf\ 
It-'requires all the care of a double-pan arialytical balance. ' 
Sinc^ the trip balance is not self-enclosed, use' it only in an 
isolate^ area of the lab where the air currents are at a, mini- 
mum. * , • 

The operational procedure for the trip b^alance is rV^ry 
general.' It attempts to -include all possible steps in the 
opefation of a trip^^balance . 

The- top-lbading electric balance is the last type of common 
laboratory ^b^^nce.- It weighs to the nearest 'o.l g.', 'O.Ol g. , or . 
0.001 g. depl^ing on the style you purchai^e. The total capacity 
of these balances ranges from . 170 >g. to 11,000 g. High capacity 
Instruments, ha^>e' low accuracy and low capacity ins'truirtents have 
high accuracy. The unit is self -contain^ requiring no weight 
set: ... 



The top-loading balance is a delicate Instrument. It is 
very sensitive to- air currents. .T-lace this^alance in an isolated 
area of the lab on a sturdy table. Keep it clean at all times. 

s — 

The introduction w^ich you have just read , includes several 
pieces of information of the types of balances you will need 
to use in the laborato4ry. In general, all balances are delicate 
instruments. They all require careful handling. You may use one 
table in- the lab tp hold all of your balances'. - Remfember to choose 
an isolated area. ' . * 

The following i\ a list of do's and don't's which apply to 
all* balances; . . 

\ ' ' 10 HANDLE ALL CONTROLS CAREFULLY AND SLOWLY . - 

^2) NEVER PUT CHEMICALS DIRECTLY ON THE 'BALANCE PAN. 

USE A WEIGHING BOAT OR. BEAKER'. . ' ^ ^ 

» 3) ./NEVER WEIGH <^AN OBJECT WHILE. IT IS HOT^ OR EVEN 
. WARM. ^ » ' ' . 

■ . ■ ; . ■ " 
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BASIC LABORTO ^ ^'^P^^rAI LABORATORY 

DOUBLE-PAN BALANCE 



OPENING PROCEDURES 



Jk. Equipment Pnparation 
1. Balance Inspectioir 




/ . 



2. Determine the Zero 
Point. , • 
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STEP SEQUENCE ' 



1. 
'2. 
3. 



Dust ihe pans with a soft 
hairbrush. 

6lOwiy operate /all balance 
control knobs, levers, etc, 

Return all controls to 
ready position^ 



Inspect the beam and pan 
support knife e^iges. 

' ■* 

RetBa^^e b eam a rrests 

Release the pan arrest 
mec hanfsm. 

Return arrest knobs arrest 
position. ^ 

Inspect le\/fel indicator(s) 



With the balanc;^ door 
closed, release the beam 
arrest and pan arrest 
\;iechanisms/ , . • 

fount the number of small 
(Ji visions between the right 
iftost point and leftmost 
point of the swin^. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOl^S 



~1 ^ 

la. The pans mUSt be clear) and dry. 

2a. AH controls must operate freely. 



3a. 
3b. 

3c, 
3d. 

4a, 



6a. 



Rider to zero. 

Zero on milligram strip must match zero on 
ver^nier scale, • . , , 
Beam arrest knob to arrest position. 
Pan arres^t knob to arrest position. 



r 



The knife edges must be the proper position^for 
correct ^perjition, ' \ 



8a. 
la. 



The beam should swing freely from side to side. 



\ 

If baliince is 'riot level, adjust the ^movable legs 
tc^ level the balance. 

The pointer should oscillate from 3 to 5 srnall 
divisions on either side of the center of the 
reference scale.^ 



2a. Count to the nearest half division. 
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OPERATING PROCEDURES 
* 



STEP SEQUENC€ 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



A. E^juipment Preparation 
(Continued) . , 



5* 



Divide this number by 2. 

From the original left 
Tnost point, count to the 
■right the number of divi- 
sions equal to the number 
you have ca-lculated. 

Return the beaiji and pan 
arrests to the ready 
position. . 



3a. "The number should be to the nearest half. 



.4a, 
4b. 



This Is the midpoint of the swing whichis called 
the zero point. 

The zero point must be determined before, each 
weighing procedure. f ' ' 



Zero 
. Point 

I T l I I vi 1 I I I I I i 

~Tota1"'"swing---^7-^/2-<Hv1s1ons --: — 

7 1/2 f 2 = 3 3/4 or 3 1/2 to the nearesVhalf. 



B. Weighing ar> Object 

1. Determine the weight 
* to the nearest whol^ 
gram. - 

NOTE: FOR CONVENIEN^CE. 
MAKE A PERMANENT 
-RECORD OF EQUIP- 
MENT WHICH IS . 
, USED FREQUENTXY 
ANO THE HEIGHT 
> EACH ITEM TO THE 
, NEAREST 1.1 g. 



Place the object to be 
weighed on the left pan. 

Approximate the weight and 
add this amount to the . 
rvght pan. 



Release the beam arrest 
slowly. 



la. 

2a. 
2b. 

3a. 



The balance door Is left open during this part of 
the procedure. * , ' 

U5e forceps to transfer the weights ^from the box 
to the pan. \ ^ . 

Handling weights causes the'meta'l to corrode and - 
phanges the weights of the standards. 



Releasing too 'fast may cause the beam knife edge 
to jump off it^L^support. 



i 



U2 



-Sir' 



11* 
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QPERlftTING PKCCEDURES 



^nfeighing an^Objact 
(Continued) ^ 
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ST.EP SEQUENCE 



Release the .'pan arr,est 
slowly. 



.Return the beafti and paQ ^ 
arrests to the ready * 
ppsit^of^/ • , . . 

Add or 'Subtract weight 
fxero the right p5n as' 
indicated by the restiUs 
of Step '4.* . ' . 

Slowly'fele^se the^^am . ' 



8. Return the'beam an^ pan 
arrests to the rerfdj^ 

, pos"1tiori*. ' ... 

9. Repeat'steps .6,^ 7^ aod*8V 
, adding or srubtracti*aa 

smaller .am9unt 5 of weight. 



5. 
6. 



'7. 



INFORMAT'IGN/OPERATINg G0ALS/SPECIFICATI0M3 



4a, Releasing too ;fast may cause the parT Supports -to 

jump off their ^knife-^edg^. " 
4b. It tihe poin^r swings to the left of the' zero point 

and rema.ins there, .too tnuch weight i.j oh the right 
• ^ p&n.\/ i ' ' \ ' 
4c. If the 'pointer swings to .the right of the zero 

point and/ema1r1s thfere, liot endiigh weight is or> 
• -the right 'paji.' 

5a^. Never add oh subtract -weight from the -left or right 
pans^with the beam'and^pan arrests Ve^l eased'. 



7a. If * fhe pointer swings mpstl]t;.t<5 the left of the , 
^$rq point and^finally remains on the left, there 
^ is too much w^ght-'on the'^rJg+it flan, * 
7b. .'If the pointer swings-.most to the^ righ^^of ^the 
-»^o poiiit ahd finally Temairvs on* the right, there 
is^niot ^ough weight on the right pan. * , 



*9a. Repeat tjntij adding one or^m t)f weight causes the 
' poijrifef to come to riest on^the left of the*2ero 
po^nt. \ ' ^ • . / ' 



TRAINING 
GUIDE NOTES 



X5 



' ^BAsic 'LABORATORY' SKILLS: CHEM ICAL LABORATORY ' 



OPERATING PROCEDURES 



B. Weighfng an Obje ct 
, (ContinuedT 



2- Determine^the weight 
to the nearest tenth 
of a graft!. ^ 
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STEP SEQUENCE 



10. Remove t^>e one. gram of i-^IOa. This is the one gram of weight mentioned in 9a, 
" weight from the ri^ht p4n^ 



11. Find the total Wfeight on 
the right pan and record 
on your beVichsheet. 

1. Cl6se the balanqe door. 



Z.'Ufith ifhe ri'der controj^, 
move jthe rider to the 
0.5 g. positi.on. 

S: Release the beam a/id pan 
* arrests. . 



4. Return the beam and pan 
arrests to the ready . 
position. 

» *• • 

5. Add or s'ubtract weight with 
the rider as reflulred by 

' the results of ^step 3. 

6. Repeat Steps 3, 4, 5. 



7. Move the rider to the 
g' .position which has been / 
determined to 6e less than 
• one tenth of a gram too 
• night. 



INFQRNIATION/OPERATfNG GOALS/SPECIFICATIONS 



]la. This is the weighit to the nearest gram. 



la. 
lb. 

?a. 
2b. 

3a, 
3b. 



5a, 



6a. 



7a, 



7b. 



The balance dpor will remain closed during the 
balance of this procedure. 

The door is closed to prevent currents from af-. 
, fecting .'the freely swinging be^, 
• 

Handle .the control carefully. 

If ^the rider drops off the bea'w, use forceps to j 

place it back on the beam, ' . 

If th9 pointer s\»ing favors the l^ft of the zero 
point, th^ weight shown by the rider is too much. 
If the pointer swing favors the right of 'the zero 
point, the weight shown by the rider is not 
enough-, ^ 



Add or subtract weights by moving the rider in 
one tenth gram amount^. 



Repeat, until adding one tenth of a gram with the 
rider causes the pointer swing to favor the Jeft 
of the zero point. * ♦ . • 

The rider is in the correct position, when moving 
it orle place to the- right woulii be too much 
.weight. . - . 

The pointetr swinfl wtll favor the rixiht of the 
point when^ the rider is In its final, correct 
position,- 



TRAINING 
GUIDE NOTES 



zero 



ii'i 



BA^IC lARORAinRY ^Hl K> fMPMTrfli LABORATORY 



OPERATING PROCEDURES 



SJEP SEQUENCE 



INFORWATION/OPERATINQ GOALS/SPEflFICATIOHS 



TRAINING 
GUIDE NOTES 



B. Weighing an Object 
(Continued) 



3. Determine the 
weight tcJ the 
nearest ten- 
thousandth of a 
gram. 



lib 
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8. Record the value of the 
rider position as the ' 
tenths digit of your 
weight. 

1. The balance door must be 
closed during this pro- 
cedure. 

2. Release the beam and pan 
arrests. 

3. Slowly add weight by ro- 

^ tating th€*knob which con- 
trols the' milligram scale. 

4. Stop adding weight when 
the pointer is resting on 
the zero point or Is 

4 oscillating slightly about 
the zero point., 

5. Retorn the pan arrest to 
the re^dy position. 

6. Release the pan arrest^ 



2a. Release the pan arrest very slowly so ttet the 
pointer swings as little a^ possible. 

3a. Do not watch the milligram strip. 
Watcti the pointer. 



6a. 



6b. 



The pointer must swing freely 3 to 5 shall 
division to the left and thft right of the zero 
point. 

If the pointer swing favors the left of the zero 
point, there Is too much ^^^e1ght from the gold 
chain. 

6c. If the pointer swing favors the right of the zero 
point, there is not enough weight from the gold 
chain. 



BASIC LABORATORY SKILLS: CHEMICAL LABORATORY 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIO^IS 



TRAINING ^ 
GUIDE NOTES 



B. Weighing an Object 
(Continued) 
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7. Rotate the chain control 
,knob very slightly to add 
or subtract weight as re- 
q^iced by step 6 results. 

8. ^ead the value on the 
milligram scale which is 
opposite the zero of the 
vernier scale. 



7^, 



7b. 



8a 



Adjust the weight so that the pointer is swing- 
ing evenly about the zert point, 
the swing should nofbe less than 2 small divi- 
sions to the left ajid right of the zero point. 



7 



9. Obtain the ten-thousandths 
digit of the weight from 
the vernier scale. 

10. Return the pan and beam 
arrests to the ready 
position. 

11. Remove the object from the 
left pan., 

12. Remove thje v/eigKts from 
the right pan. 

13. Return milligram scale to 
the zero position. 

14. Return the rider. to the 
zero position. 

15. ' ClQSe the balance door. 



The hundredths ancJ^housandth digits of the 
weight will be obtained from this scale. 
8b. The milligram scale Vuns from 0 - 100 milligrams. 
8c. If the zero of the vernier scale* is between two 
smal 1* divisions on thekmilligram scale, record 
.the snialler -milligram value. 
8d. If the zero of the vernier scale is between 0 and 
To on the milligram ^cale, record a zero in the 
hundredths position of the weight and the appro- 
priate digit in the thousandths position. 

9a. Determine which division on the vemier scale 
« most closely matches any division on the milligram 

scale.' * ' ' • • 

9b. Record the value of this vernier scale division 

as the ten^thousandth^ digit of th^ weight. 



12a. Use forceps. 



1 -. 



^ BASIC LABORATORY SKTM^:, CUf^ lCM LABORATORY 



OPERATING RROCKDURES 



-STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 
' ^ 



^TRAINING 
GUIDE NOTES 



C. Weighing d Chemical by 
Weighing into a Weigh- 
ing Boat/ 

M., Determine the weight, 
, \ of the boat. 



2/ Determine the totaT 
weight for boat and 
chemical. ^ 
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1. Weigh the boat as speci-*' 
fied' in Procedure B of 
this EMP^ 

1. On the benchsheet add th^ 
wB-ight of. chemical clesired 
to the weight of the boat. 

7. Add weight to the right 
side of the bearm. 

3. Add chemical .to the boat^ 
' very slowly. 



4. When the pointer is very 
near the zero point, return 
tbe pan arrest to the regidy 

- position. 

w 

5. C'lose the balanj:e dobr. - 

6. Re-lease the pan arrest. 



la. Keep a permanent record of the approximate wejrght 
of "thaiweighing b^ts jou use. ^ 

■-> . '• • 

la. Use the bencl^j^eet to keep a record of your math- 
,ematics. 



2a. Use weights as necessary from the weight box- 



3a. If the boat must be removed from the balance pan * 
at any time, return the pan and beam arrests to , 
the. read)(jr position. 

3fcr. B/ adding chemical to the boat, bring the pointer 
^ . slowly to the zero point. P 

3c. -Use the pan*arrest to slow the swing of thie 
poinfer if necessary.. 
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7s Turn the release knob to 
tfte arrest.position. ' 

8. Open the balance 4o^r. 



6a. The pointer^ should swing freely about the zero 
* point. 

6b. If the swing favors the left of the zero point, 

therhemical wfejght is too low. 
6c. If the swing favors the right of the zero point, 
the chemical weighUis too high. " . 



BASIC LABORATORY SKILLS: CHEM irAL LABORATORY 




OPERATING PROCEDURES 



STEP SElJ&ENCE 



NFORMATION/OPER/rfiNG GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



C. Weighing a Chemical by 
Weighing-into a Weigh- 
ing Boat. 



9. Add or remove chemical to 
the boat as required. 

10. Close the balance door. 

11. Release all arrests slowly 



12. Repeat steps 7, 8. 9, 10, 
and 11 , as necessary. 



13. Return all controls to the 
ready poji%4«n. 

14. Open balance door and re- 
move weighing boat with 
chemical . 

15. Close balance door. 



7a. Only small amounts or chemical 



9a. Pointer should swing at least 3 small divisions 
on either side of the zero point. ^ 

91^^. If the pointer swings" evenly about the zer^ .point 
' y9u ai^ finished. 

9c. If it apes not, determine whether chemical mus.t 
be added or removed as in step 6. 

10a. When the correct amount of chemical is.in the 
boSit proceed to step 
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basic laboratory skills:. chem ical laboratory 

. • . single-pan'analyt-ical balance 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORNfaTION/OPER/\TING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE hfOTES 



A. Equipment Preparation 
1. Balance Inspection 



2. Zero the Balance 



^1* Dust the pan with a soft 
hair brush. ^ 

2. Operate alT balance con-^ 
trol knobs, switches,. etc. 



3. Beturn all controls to the 
ready position. 

4. Level the balance^ 



1. Turn the release knob to 
ful 1 release- . 

2* With the zero control, make 
- ttie readout panel show all 
zeros. 



3; Turn the release knob to 
the arrest position.* 



la. The parrs must be clean and dry. 



2a. .Al 1, controls must operate freely,. 
2b, With the release knob at full release, the re ' 
light must be on the read panel. 

3a. Main release knob to full arrest position. 
3b. All weigl^ control knobS'at th€ zero position. 

4a. Inspect the level indicator. 

4b. Adjust the movable li^s-^o level thd balance. 



2a. See the 0 & M for t'he specific balance ito locate 

the zero control . 
2b. '^If the balance has a rtiilligram scale and a vernier 

^scale in the readout panel, make trhe zeros on 
* both scales "tnatch. .-^ 



B. We.ighing an Object 
1 . Preweigh the Object 




12o 



1^ Place the object on the 
pan. 

2. Determine the weight of 
'the object to the nearest 
whole gram with the auto- 
matic prewel5h control. 
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2a. This step applies ortly wh^p^he balance has an 

-automatic preweighing rhe^anlsm. (See the^manu- 
• facturer*s 0 & MmanuaT for location of the con- 
trol knob ?.nd operation Instructions.) 
2b. If the balance does not have an automatic preweigh 
sature, go to procedure 



BASid LABORATORY SKiLLS:' rHFMTf.Al LABORATORY 



OPERATING PROCEDURES 



6.' Weighing an Object 
(Continued) 



2% Determine the Weight 
to the Nearest Who^le 
Gram. 
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STEP SEQUENCE 



'3. Usln^'the hundreds, tenSs^ 
and unit gram control 
knobs, set the weight on 
the readout panel to value 
given in step 2. 



4. Turn the release knob to 
full release, 

5. Tarn the release knob to 
the arrest po&jtion. 

1. Placa the object on the 
^balance pan. . 

2. Close the balance door. 

3. With the hundreds of grams 
control add 100 g. / 

4. Turn the release knob to 
the full release position. 



5. Turn the release knob to 
arrest. 



6. Add or "subtract 100 g. 
from the balance as indi- 
cated by the readout panel, 




INFORMATION/OPERATING GOALS/SPECIFICATIOMS 



TRAINING 
GUIDE NOTES 



3a. 
3b. 

3c. 



Set weight to the nearest gram, * * \ 
If the prewei^h value was between two whole gram 
values, set the weight to the .smaller value. 
Some balances havfe one contrtff knob for the hu* 
dreds and tens of grams. See the 0 & M manual' 
for yojur balance. • . , ' * ' ' 



4a. The readout panel will indicate that the weight 
on the balance is too low. 



3a. Some balances hav^ a combined 100 g/10 g. control 
• ' If thts is the case', go to step 8/ ' 

4d. Some balances have a half release position. This 
position must be used if availabJje. See 0 & M 
manual. * 

4b. The balance readout panel will indicate whether 
you have dialed too much weight or not enough 
weight. Sep the 0 & M^manual for the indicator. 

5a. When weight is dialed on or off, the balance in 
the hundreds position, the release knob must be 
in the arrest position. 

6a. The weight is correct when an additional 100 g. 
would be too much weight. 
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OPERATING PROCEDURES 



' STEP SEQUENCE 



f INFORMATIOS/OPEPATING GOALS/SP&CIFICATIOMS. 



fRAINING 
GUIDE NOTES 



Weighing an Object 
(Continued) 
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7. Repeat steps 4, 5, and 6 
as necessary. 

8., With the tens, of grains 
control add 10 g. 

9. Turn the release knob to 
the full release position: 



10. "^Turn ,the release knob to 
arrest. 



jl. Add or subtract 10 g. from 
the balance as indicated 
by the readout pane!. 



2. Repeat steps 9. 10. and 
11 as necessary. ^ 

13. Turn the release knob to 
the full release position. 

t4. With the one -gram control, 
atid 1 g. 



15. Add'or subtract 1 g. of. 
weight as indicated by the 
readout panel . 

161 SRepeat, step 15 as neces- 
sary. * 



9a; Some balances have a- half release position. ' This 
position my St /be used if avaijable. See 0 & M . 
manual . 

^9b. The balance readout^ panel wil] indicate whether, 
you have, added too much weight or not enough 
weight, •Sl^e the 0 & M manual for indicator. ' 

IQa, When weight is dialed on or off the balance in 
the tens position the release knob must te in 
arrest position. ' ' 

11a. The weight is correct when an additional 10 g, 
would be too much. . - • 



13a. Do not use the half' release position even if it 
is aval Table. 

14d. The balance readout pan^l will indicate too i^Och 
weight or not enough. 'See tf}e 0'& M manual for . 
the indicator. 

15a. The release knob remains at full release''. 



16d. The weight is correct when addition of 1 g. wou^d 
be too much weight-. - 

(Continued) 
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BASIC LABORATORY SKILLS: CHEM ICAL LABORATORY 



OPERATING PRCCEDURES 



STEP SEQUENCE 



INWRMATION/,0PERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE' MILS 



B. Weighing an Object 
(Continued) 



Determine the Weight 
to the Nearest One 
TQnth Gram. , • 

SEE NOTE IN INFOR-^ 
MAT I ON CtlLUMN. 



4. Determine the Weight 
to the Nearest 
0.0001 g. 



1. With the 0. 1 g.' control 
add 0.1 g. of weight to ■ 
the balance. 

2.. Add or subtract 0.1 g.' of 
weight to the balance. 

3. Repeat step 2 a5 necessary 



4. Record the hundreds, tens, 
units, and tenths digits 
3f the weight on your 
benchsheet. 

^r.' Read the. value of the 
mil 1 igram scale across 
from the zero on the 
verrvier'^scale. 



Milligram 
scale 



.-1/ 



Vernier 
scale 



0 0 6 6 



I Si 
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Peadout Panel sjiowing 
total weight of 
1 23. 730^ g. 



16a. NOTE: Some balance have a OJ 
some do not. See the 0 
the balance has a 0. 1 g 
tinue with procedures 3 
balance does not have a 
to procedure 5. 



g. control and 
&/1 manual . If 
. control , con- 
and 4. If the 
0. 1 g. control , go 



la. The balance readout panel will indicate too much 
Jf^eight or not enough. See 0 & M manual for the 
indicator. 

2a. The release knob remains in the full release 
position^ 

3a. The weight is correct when an additional 0.1 g. 
would be too much. 



la. The zero of the vernier zero is the reference 

point'for the milligram scale. 
Ib.^Jf the vermer zero is between two small divisions 
^ Oh the milligram scale, record the value of the 

division with the lesser ^alue. 
Ic. If the vernier zero is between 0 and 10 on the 

milligram scaVe-, the hundrecfths digit of the 

weight wi 1 1 be 0. 
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BASIC LABORATORY SKILLS: CHEMICAL LABORATORY 



OPERATING PROCEDURES 



B. Weighing an Object 
(Conti^nued) 



ERLC 



5. Determine the Weight 
to th#Nearest 
0,0001 g. See Note 
in tflie Information 
Column. ^ 



i3i 



STEP SEQUENCE 



2. Record the hundredths and 
thousandths .digit cjf the 
weight. 

3. Read the vernier scale for 
the ten-thousandths digit 
of the weight. 

4. Record th6 value of verniei 
scale division wjjich 
matches a milligram scale 
division. 

5. Turn the release lAiob to 
full arrest position. 

6. Remove the object from the 
balance. 

7*. Return all controls to the 
ready position. 



--2a.' On yoi^r benchsheet. 



3a. Find the vernier scale division which most closely 
matches any division on the milligram scale. 

4a. On your benchsheet. 



INF0RMATI0N70PERATING GOALS/SPECIFICATIONS 



7^. Turn weigiht controls slowly . 



NOTE: "this procedure applies only to balances with 
a completely digital readout in , the readout 
panel. Th^ese balances have no vernier scal«. 



' TRAINING 
GUIDE NOTES 
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BASIC LABORATORY ^SKILLS: CHFM ICAL LABORATORY- 



* OPERATING PRCCEDL*eS 



Weighing an Object 
(Continued) 



Weighing a Chemical by 
Weighing into a Weigh- 
infl Boat.. ^ ^ . 

1. Determine the Weight 
. of the Boat. 

Set- the J/eifht Con- 
'trols on the Balance 



13«. \ 



^STEP SEQl^ENCE 



Turn the fine adjustment 
cort^ol until 'a fine ad- 
justment division is ^ 
located precisely in the 
light slot .of the index 
fork. 



» 



INFORMATrON/OPERATING GOALS/SPECI FIXATIONS 



la. See figijre bel^w. 




Fine adjustment 
division* 



Index fork 



2. Record the rjesu^t. 

3. Return a^Tcontrols to the' 
ready position. 



' Readout Panel showing total weight 
of 114.7325 g: ' 

\^2a. On.your benchsheet. ^' 




1. Use the appropri.ate pro- 
cedures in part B. 

1. ^ the J)enchsheet, a^d the 
weigKt of the bocit and the" 
desii€d wetflht of the chem- 



la. Th^boat^will remaiQ on the balance pa/i at the en4 
of part B. . ^ . • 



- TRAINING 
GUIDE NOTES 
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IC LABORATORY SKILLS: rm^M TfAl LABORATORY . 



OPERATING PROCEDURES 



C. Weighing a. Chemical by 
Weighing into a Weigh- 
ing Boat. (Continued) 



3. Weighing the Chem- 
ical . 
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STEP, SEQUENCE 



Z„ Set weight cohtrol knobs, 
to the total weights. 



1. Open the balance dodr. 

2. Turn release knob, to full 
release. ' 

3. Slowjy add chemical to the 
boat. 

4. Close the balance door. 

5. Turn release knob to full 

^ ^PT^st. . y 

6. Turn^ release knob to full 
release. 

7. Read total weight on read- 
out panel . 

8. Add or subtract chemical 

, from the boat as necessary, 



INFORhWTION 



TING GOALS/SPECIFICATIONS 



2a. 
2b. 



The 100 g., 10 g., 1 g.', and 0.1 g. controls. 
If there is no O.d g. control and no vernier 
scale, set the thousandths and ten-thousandths 
digit with the fii^e adjustment control. 



3a, 



Until the readou.t panel indicates ,the proper 
weight. 



Repeat steps 4, 5, 6, 7, 
and ^ as necessary, 

Tijgrn ^11 controls .to ready 
position. 



Romovfe boat and content? 
frbm^pan. . ' ^ 



9, 
10. 

ii. 

It. Close balance door 




7a, 
7b. 



If weight is not correct, go to step 8. 
Jf weight is correct, go to step 10. 



If chemical must beremoved, turn' release knob to 
arrest before' removing the chemicaT. 



8a 

9a. Until weight reading is correct. 




TRAINING 
GUIDE NOTES 



BASIC LABORATORY SKILLS: CHEMICAL t.AB0RATORY 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING «)ALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



A. Equipment Preparation 
1 . Balance Inspection 




1. Clean the pan with a soft 
cloth or towel . 



2. Operate all controls. 

3. Return all controls to the 
ready position. 



4. Level the bajance. 



la. The pan is removable. 

lb. Use soap and water if necessary. 

Ic. Part must be clean and dry. 

2a. All controls must operate f»«eely. 



ja 
3b 



Weight control and digital counter to zero. 
Readout panel miist show zeros in all weight read- 
outs. 



2. Zero the Baliince 



L' Turn the balance on. . 



2. Set tt)e readout panel to 
read exactly z^o,. 



4a. Center the level indicator bubBle in the center 
of the circular marker by turning the legs at the 
front of the balance. . 



la. Tiiere^will be an on/off switch. Sea 0 & M manual 
for location. ' * • • 

2a. Use the zero-adjustment control. See 0 & M rtiarru^; 

for location. / - 
2b. Some balances have course and fine zero-adjustment 

controls. See the 0 & M manual. . v 



B.. Weighind an Object 
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1. PTace the object on the 
pan. 



2. Turn the weight cpntrol 
knob to add weignt one unit 
at a time. 



la. Gently. 

lb. If' digits appear and remain on the optical scale 
of the readout paneJ , go to step 3, Jf not, go to- 
the next step. 

2as Unit weight may be 10 100. g., 500 g., or 
.1,000 g. 

2b. Add weight slowly. C 



(Continued) 



ERIC 
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BASIC LABORATORY SKILLS: XHEHICAL LABORATORY 



OPERATING RRCCEDURES 



NG 



STEt>^ SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



^ TRAINING 
GUIDE NOTES 



B. Weighing an Object 
(Continued) 



2c, HJntil digits remain on optical scal^. 



ERJC 
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Digit Optical 
Scale 




ScaVe Division 
Lines 



Pointer 



3. Turn 'the digital counter 
until the next lowef scale 
division line matches the' 
pointer, 

4. Turn the balance off. 

Remove object from pan. 

6. Turn alT controls to the 
ready position . 



Readout Panel before final 
adjustnfent. 

3a. See the 0 & M manual for the. location of the 
digital counter control. 



Digit Optical' 
, Scale 



El 




Scale Division 
Lines 



Pointer 



Readout Parcel showing total 
weight of 1150.23 g, * 
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- BASIC LABORATORY SKILLS: CHEM ICAL LABORATORY 



OPERATING, PROCEDURES 



C. Weighing a Chemical 
by Weighing into- a 
Boat. 



A. Equipment Preparation 
1 . Balance Inspection 




1 



STEP SEQUENCE 



1* Determine tRe weight of 
the boat. 

2. Add tht weight of- boat and 
desired weight of chemical 

3. Set the first and last 
digits, of the total ob the 
readout panel . 

4. Slowly add chemical to the 
boat. 

5. Turn off balance'. 

6. Remove the'^boat and con- 
tents. 

7. ^Return a^ controls to the 
• ready position. 



1. Clean the -pan with a soft 
cloth or towel . 

2. Place all weights and 
weight Controls at the 
zero position. 

3. Level the balance. 



INFORMATION/OPERATING ^ALS/SPECI FICATIONS 



la. Use procedure B. 
2a. Use benchshe^t. 



3a, Set all the digits which do not appear on the 
optical scale. See the d i M manual. 



4a. Until optical scale shows the correct digits and 
the scale division line matches .the pointer.^ 



ERIC 



la. Pan must be clean and dry. 



2a. Balance rnay have*only weights, on the beam or 
weights on the beam plus a weigfht control dial. 
See the 0 & M manual . 

3a. Most triple-beam balance do not have level con- 
trols. They must be placed on a level surface. 
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TRAINING 
GUIDE NOTES 
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BASIC LABORATORY^ SKILLS: ' CHEMICAL LABORATORY 



OPERATING PROCEDURES 



^ Equipmefit Preparation 
(Continued) 

1. Balance Inspection 
(Continued) 




2. Determine the Zero 
Point of the Swing 



STEP SEQUErK;E 



1/ Observe the range of the 
pointer swing. 



2. Determine 'th^ center point 
of the s*ing range. 



— , Zero point;. 

Total swtfig 6 1/2 divisions 

6 1/2^2 = 31/4 or 3 
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INFORMATION/OPERATING GOALS/SPECIFICATIONS 



la. 
lb. 

2a. 



Count the total number of small divisions above 
and below the center division.' 
Swing rangp mus\ be 3 to 5 divisions above and 
below the center yJi vision. 



Divide the total fiumber of divisions by 2. Count 
from original ^^TpPfnupst point of the swing down 
" ^ to the center' 

2b. This is the pViint^ of reference for this 

weighing. J> 
2c. Determine the zero point for all weighings. 

NOTE: This type of balance can be quickly zeroed by 
a. zero acLjustment control. (See 0 & M Manual 
for location and operation.) This procedure 
would replace the zero point^determination. 



TRAINING 
GUIDE NOTES 
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LABORATORY SKILLS: CHEMICAL LABORATORY 



OPERATING PROCEDURES 



B. weighing an Object 
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STEP SEQUENCE 



1. Place the object on the 
pan. 

2. Move the largest rider to 
the right onfe notcji at a 
time. , ' 

3. RepeaJ: step 2 with smaller 
rider's. 

4. Move the digital slider to 
the right in short incre- 
ments. 



5. Read the total weight * 
shown by the riders and 

./ digital '^^^^^''Jjj^ 

6. Return all weight's to the - 
. zero position. 

7. Remove object from pan.' 

8. Turn dial 5^1owly. 



9. Total the weights on the 
beam and the dial. 

10. Return all weights and dial 
to the zero point. 

11. Reinove object from pan. 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



la. Gently. 
2a. 



Until an'additional notch adds too much weight. 
The- pointer wfll r^ain below the zero point. 
Then, move the rider' backbone notch. 



4a. 
4b. 

4c. 



4d. 



If the balance has a dial, go to step 8. 

Move until the pointer swings evenly about the 

zero point. 

If the pointer swings'more than 3 divisions above 
and below the zero point* dampen the swing by 
touching!, the pointer gentlywith a pencil point. 
The slider should b6 moved to^the left if the 
pointer swi'ng fdvors the area bel6w the zero 
point. 



8a. 



Until the' pointer swings evenly about the zero 
point. 



9a. See 0 & M manual for reading the dial. 
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BASIC l^eORATORV.SKILlS: WEMICAL.tABORATORY. 



/- 




OPERATING procedures' 



C." Weighing a Chemical 
'. • Weighing' into ^ Boat » 



ERIC 
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STEP SE<)gENC£^ 



1. Petefmine the weight of 
^the. weighing boat. 

2. Add the .weight dt the boat 
and*the des^ired weight of, 
tife cheraical . 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



J^a. Us^ procedure B. 
* 2a. Ose t|he benchsheet. 



.3. Set the total weight o 
the balance." 

4. Add cnJ^c^I to the*'boai. 



|a". Using rfders and slider on dial. 



5. Remove boat and contents 
from pan*. - • ^ - 

6. Return Vider. and Glider or 
,^dial to zero position. 



2r on 

V 



4a^ Until the p^ointer; swings .evenly about the zero 

.tipoint.^ / 
4b. Pointer should not swjng more than 3 small divi- 
sions above ^and below the zero pQint. ' ^ 
-'4c., Add itt: remove* chenflcal until pointer indicates 
the cl^nnpct amount,, 
4d. Swing nfestly above 'zero point indicates too'n]i|ch 
chemical in boat. Swfhg* mostly b^loW zero"p(<Bht 
means not enough chemical in' the boat. 

5a. Gently; ' 'f \ 



TRAINING 
GUIDE NOTES 
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Lesson 9.' Volumetrrc Armlysis 

. In .volumetric analysis, the analyst« det^rmiAes the voLume 
J ^of a solution, the exact concentration' of which "is known, ^e- 
• quired for reaction with a known *ampunt of sample to be analysed. 
The polutiop , of "nown concentration is called £he standard' solur 
tion. 'The process used to carry* out the addition of the standard 
solution ;tV comfJ'lete the chemical reaction is knowtx^a^ a titration* 
The voluAe of solution added is measured, with a -buret Vblpznetrid, 
methods are ofl^h called titrimetric methods since they require 
a titration. . ^ ' ^ 



^..^ In 'a "dissolved oxygen determination referr^ to as (^H) ' 
the final step in ^he analysis .is a volumetric titration iPmg 
sodiym thiosulfate (Na^^S 0 • 5 H^O) as 'the standard, reagent.' 
The e^act' concentration Of the thiosulfate is determinedtby titra- 
ti.on'^a^inst -a primary standard ^potassium biiodate [KHUO )^]. 
A prima^;^ standar-d is prepared^^in. such a way. that its con- 
centratiort- Is ^pdWri^' the boncentifetion of the thiosulf ate may' be 
determined. The concentration of these species will be referred' 
;t(a||P^s "Normal" represented by If.. It ife ijT>port^t that this letter 
be* associated wit*h the numercial concentration at a],l ' times, i.e. 
0.0375N sodium thipsulfate^ XNa^SjO • 5 fi^O) . This means that 
the solution of sodiuip ^hiosulfate has been pfejpared in such -a 
manner i:ba;t its /concentrati^&rt-^ now 0.0375 Normal or O.QSTSN. 



r/ 



A - 



•/ -Following is a procedure for the preparation and^stand«:d- 
i2ati,on of sodium tluosulfate . (Na-S-.0 -15 H O) using4»a primary 
stanQard potassium , biiodate [KHdo^f-,]. ■ 
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BASIC LABORATOFiY SKILLS: CHEMICAL LABORATORY' 



^Prgpyation and Starldardization of Sodium fhtosulfaLte (Na^S^^' 5 H^Oj 



OPERATING 'PROCEDURES 



STf P ^SEQUENCE 



INfORHATION/QPERATIN6 GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



Reagent Preparation 

1. Sodium Thiosulfate 
Stock Solution, 0.75 
Normal 



2. Sodium Thiosulfate 
.Standard Titrant, 
0.0375 Normal 
{0.0375N) 
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1. BoiV afebut 1500. ml of dis- 
tilled water for 3 minutes, 

2^ Allow the water to cool to^ 
- ro6m temperature, 

3. Weigh'186,1^ gms of sodium 
tWosulfate penta hydrate, 

4. Dissolve in about 500 ml . 
-Of the cooled distilled 
water. ^ 

5. Dilute to A liter (1) in a 
volumetricNflask .and mix 
thoroughly. 

6. Transfer to | dark storage 
. bottle. 

7. Add 5 ml of. chloroform. ^ 



8. Store "^iLhe solution in- the 
refrigerator. 

k Dilute 25.0 rtfl tf tire 
sodium thiosulfate stock 
solution to 500 mlf|^ a 
v&}Hjmetr1c flask and mix 
thoroughly. 



3a\ use an Analytical balance, ^ ^ 

3b. If one liter of solution is.not neieded^ the amount 
*of chemtcal and waterrmay be cut by one-half, one- 
third, etc. , ^ ^ 



> ) 



7a. Use a small gradi/a ted, cylinder to measure the 
chloroform. 



la. Use a ,25.0 ml pipet to ifleasure the'^pdiuo thio- 
sulfate stock solution., 
lb. Be careful not ta'dray any chloroform into p^pet. 
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BASIC LABO(*tORY SKILLS;' CHfHJCAL LABORATORY 

' 1 

Preparation and Standardization' of Spcfiuni Thiosulfate (Na^S203 • 5 H2O) 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFQRMAyQN/OPERATING GOALS/SPECIFIC/^IQNS 



TRAINING 
GUIDE NOTES 



A. Reagent 'Preparation 
(Contirrued) 



V 



3. Potassium -Biiodate 
Standard [KH(I0-)2] 
0.0375N , ' ^ 



■ ) 
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2. Add 3 ml of chloroform. 



3. Transfer the solution-to 
a storage bottle and label 
as 0.0375N (Approximate) 
sodium thiosulfat^ 

^^2^2°3 ^ ^2° 



4. Store, the solution in they 
refrigerator. 

1. Di^' about 6 g. of pota^- . 
sium biiodate 

in the oven at 103°C for 
, 2 hours. 

in" a desic»tor. 

3. Weigh 2.418 g.'of the bi- 
' iodate. r 

4. Transfer the^iodate to 

a 500 ffil volumetric flask, 
washing the weighing boat 
-^with distil Ted water. 

5. Dissolve the biiodate in 
about 250 ml of.distilletl 
wat^r. 

6. Dilute' to 500 ml in a 
.v#)ltoetr1c flask and mix 
thtjoughly. 



2a. Use a small graduated cylinder to measure* the 
chloroform. 



la. Use a trip balance. 



laj Use an analytical balance-a^nd a weighing boat. 



••/1 03: 
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BASIC LABORATORY SKILLS: CHEHICAL LABORATORY 



Preparation and Standardization of, Sodium Thiosulfate i^^2^2'^3 ^2*^ 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATINe GOALS/SPECIf ICAT^ONS^ 



TRAINING 
GUIDE mil 



A. Reagent Preparation 
(Continued) 



4. Sulfuric Acid (HpSO.) 
Solution, 10% I ^ 
by Volume. 




B. Standardization of 
Sodium Thiosulfate 
Titrant. 



1. Potassium Biiodate 
Standar^^HjJ 102)2] 



Transfer 125 ml ^f this 
solution to a clean volu- 
metric flask. 

Dilute this solution to. 
500 ml anS mix thoroughly. 

Transfer to a storage 
bottle and label as 0.0379< 
potassium bi iodate 
[KH(IO^)-^] primary stand- 
ard. . ^ ^ 

Pour 90 ml of distilled 
-water into a 125 ml Erlen- 
meyer flaskf 

Add 10 ml of concentrated 
sulfuric acid (H^SO>) to 
.the' flask and mi^ ^ ^ 
thoroughly.' 

Allow the solution to cool 
to room temperature and 
trainsfer to a sjnall glass% 
stoppered bottle. 
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Weigh 1-3 q. of potassium 
iodide (KI) 

Transfer the potassium 
iodide (KI) to a 500 ml 
Erlenmeyer flask. 



7a. Use a 100 ml and a 25 ml pipet to measure, the 
bi iodate solution. 



V 



la. Usea graduate cylinder to measure the distilled 
water. 



Use a small graduate^^l inder to m^easure the 
\vsulfuric acid. . . ' ' 

2b. CAUTION: Heat will be 'generated by the addition. 



1 . Use a t^i.p balance. 
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BASIC LABORATORY SKILLS: CHEMICAL LABORATORY 



PreparatiCKi and Standardization of Sodium Thiosulfate (Na^S^O^^ • 5 >i>^0) 



OPERATING PROCEDURES 



STEP SEQUEr;CE 



INFORMATION/OPERATING GOALS/SIKCIFICATIONS 



TRAINING 
GUIDE NOTES 



B. Standardization of 
Sodium Thiosulfate 
Titrapt, (Continued) 



0 9 



2\ Ti^tration 



3. Dissolve in 100-150 ml of ' 
distilled water and mix 
thoroughly. 

4. Add 10 ml of 10% by volume 
sulfuric acid solution and 
mix thoroughly, 

5. Pipet 20,0 ml of the potas- 
sium biiodate standai^d 
(0,0375N) into the solu- 
tion and mix thoroughly/ 

6. Place the solution in the 
dark-for 5 minutes. -f^- 

7. Add enough distilled" water 
to bring the volume to. 
300 ml and mix thoroughly. 

K Ftll a 5Q ml buret with 
the standard sodium thio- 
sulfate solution. 

'2. Add the soltition from the 
burette to the biibdate * 
, solution atN^-fast drop- 
wise rate, 

3. When the color changes to^ 
a pale yellow, stop the 
addition of sodium thior 

V sulfate. ' . 



3a, Use a graduate cylinder to measure the water. 



4a. Use- a small graduate cylinder to measure acid. 



6a. The cojor of the solution is' reddish-brown, 

/ 

7a, Use a graduate cylinder t6 measure the water. 



la. Make sure there are no air bubbles in the tip of 
the buhet. 



2a. Swirl the ti^j^date solution during the addition. 



i5J 
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BASIC LABORATORY SKILLS: CHEMICAL LABORATORY 



Preparation and Standardization of Sodium Thiosulfate (NagSgOj * 5 HgO) 



OPERATING PROCEDURES 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GUIDE NOTES 



Standardization of 
Sodium Thiosulfate 
Titrant. (Continued) 



3. Calculations 



16. 
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4. Add 1-2 ml of starch solu- 
£ion andUix thoroughly. 



5. Continue the addition of 
sodlam thiosulfate and 
swirl ing. 

6. Stop the addition when 1 
drop of sodium thiosulfate 
causes - the solution to . 
turn colorlesst 

/. Record the ml of sodium 
thiosulfate used. 

8. Repeat the standardization 
at least once more and use 
the average titration re- 
sult in the following 
calculation. 

1. divide the ml of sodium 
thiosulfate used in 0.75. 



4a. Use a small graduate cylinder to measure the 

starch solution. 
4b. The color of ""the solution is light medium blue. 



6a. Some particles or turbidity may be present but 
' the color of the solution should be similar to 
* that of water.' ' " . - 



lit is n>e no 



'la. The result is n>e normality of sodium thiosulfate 

The formula used above is arrived at as follows: 

^Normajity of sodium thiosulfate x ml of sodium thio- 
sulfate = normality of biiodate x ml of biiodate. 

-Three of the four quantities are "known: 

1. inl of thiosulfatfe - volume used in the titration 
{step 7 above) * 

2. ■Normality (N) of biiodate = 0.00375 (Step 9, page 
104.) ' • 



i 
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Preparation and Standardization of Sodium Thiosalfate (Na^^S^O^ '5 H^O) 



OPERATING PROCEDUR ES 

B. "Standardizat^n of 
Sodium Thiodulfate 
, ^ Titrant/ (Coi>tinued) 



ERIC . 



STtP SEQOENCE 



INFORMATION/OPERATING GOALSy SPECIFICATIONS 



, 3. mf of->,bi1odate = ^.0 (Step«5, pfage '105.). 
Therefore: Normal ity 'of thiosulfate = 



TRAINING' 
GUIDt NOTES 



20.0 ml X 0.0375 N ^ ■ 
ml of 4:hiosulfate used in tifralion 



0.75 



ml of thiosulfate used in tiy^atlon . 

For example', if ;the titration required' 18>5 ml of 
thiosulfate, then: 



0.75 
18.5 



0.0405^ 



This is the correct normal^fty'of ^he standard thio- 
sjjlfate solution and shoJld be recorded on the^ - 
thiosulfate bottle, ipe stap 3, pa^ge-lua.) 
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BASIC .LABORATORY SRlULS: CHEMICAL LABORATORY 



OPERATING PROCEDURES' 



STEP SEQUENCE 



INFORMATION/OPERATING GOALS/SPECIFICATIONS 



TRAINING 
GlJl-DE«NOTES 
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COMMON ERRORS IN A VOLUMETRIC DETERMINATION 

a. Uncertainty in purity of the primary stajxiard. 

b. Decomposition of the solution. 

c. Changes j'n temperature. ' - 

d. Careless laboratory technique, 

e. Errors in Weighing. 

f. Mechanical losses of solution during transfefof 
solution. * • < ' 

g. ^ Improper mixing of solutions. 

h. Dirty burets,, pijpet^, and oth^r^similar apparatus. 



n 
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' MOpULE^ III- - MICROBIOLOGY 

Lesson 1 . General Tntroduction 



Biol.ogy is the science that deaTs^ith living things. ^ . - 

Macrobiology is that ^rea of -tdology which deals with 'thos"e living 
things large epough 'to be seen by the naked eye, Whereas micro- 
biology involves living ^^organisms that can only be seen with the 
aid ^of jp.agrjif icat ion • . • ' * 

Two major divisions of biolpgyvare botany, the science of plant 
life, and zoology, the science of animal' life. ^ Included 'j^de«r botany 
would be such microorganisms as algae^ yeasts, and^ m.clds »ahd <sach 
fsacroorgan^sms; as fungi, g^c^sses, and trees Zoology would '^ncl ude 
sucjh STiicro'br^anismiS as protozoa and rotifers and m^lcr^organisms such ^ 
as insects, birds ^, fishes, and marr.r^^ls. , v \, \ - 



MEASURE:4EnT AI'JD . iMI CFOBIAL 'SIZE ■ 



*^ - 1 men , = 

' .39 inch = 

. 03 9 in^h =' 

..0(73 9 inch = 

.0GO39 inch = 

,'000059 inch" = 

. 0000039' j.n6h'=4 

'0uO0i>0 3''9 inch = 



}00O 



u u 



)39 inch 



' ^ cm 
' 1 cm' 
. 1 cmi 
.01 cm 
.001 cm 
.0^01^ cm 
. 0 000*1 " cm 
aOOOOOl cm 
OOaOSOl 'cm-^ 
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.01*' mmi = 
' .0:01 ,mri = 
. nnni/ r^jr/r 

.^00 0,01 rxv. =, 

:::ool -sr. = 



Protozo^^" 
Blood Cells' 

iiacteria - 
*v 'Virus'esi- 
Molecules - 



100 /y 
1 * 
Q01>¥ 



nm = ijanoirre ter 
% - /yngstron 




Atoms ^- <- . 001^ 



M^^icron .or nicrometer" 

■*^r "Millimicron 
.00000601 cm 



An organism i^ studied ^ to its ha tyre^ *v;he ther it is plant br« 
animal cr as an individu«J.. • Studying- an^organis.-h ^s- an 'individual 
inaiuUgs looking^'^at i-ts- - mit)rphology which entails . ^natcm.y , ..hlstolo " 
'tology, 3nd its physiology and- ^embryi)lqgy^. ■ Org^nism.3 /Cah be 
.ed as groups eit,her ^ taxono^riicalxy *5 ecplpgicall 




IS '^LW^E?";. 



A/def irritioHr of "liviog'^ is^ rather difficult ^tc -mkke. 




^en^ 



;iCc3lxy 




It is 



\mare ^a^ily de^cribe^ by a series of special .attrJfeutes. , An anjde^r- 
stdA.fIing ' of \these attributes "i^s critical but^not de f ini't i\/e .in every 
ins't^nce The basic a1;tributfe of all living things is organization^ 
All"" living matter has a^ characteV^is t ic organization oecurrltig Jtn 
•several levels. B^sic to all living- organismis'' i^ the cell ^ com.poseb 
of protoplasm, cyt?5pla5m, "ana nucleus or nuclear material. Celis 
combine into *5t-}fuctural Unit 5 . oalled organs in the larg^ org-anisms . 

J * • -m- . . ' ' 
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The total of a^l the chemical processes going on 'in 
"living" matt.er is metab^blism. ,Thit>^ttribl^te- allows the 
oTganism to consum^ food material,- utilizing that which is 
needed and discharging the waste product.*' When the constructive 
^ or synthetic, processes exceed destructive metabolism , gr.owth 
occurs. After a cell has^grown t* a characteristic ^ize,-. 
it divides, forming two' cells / the process is jMlled reproduction- 
When only on^ individual is involved it is re^rred to as 
asexual reproduction . Sexual reproduction^ ta^ces place when 
two individuals are irfvolved. * ; . 

V - The ability of a ' "living"- organism to respond to 
external stimuli such as "pressure, temper'ature , light and 
so forthj^ijs referred to as* 'irritability . , The fitness of 
an organism^r the • environment in which it lives is called 
'Adaption. This at.tribu\e develops tjfcjgagh various ' 
evolutii)rmry mecKan'i^ms, and .becomes^^^rmanent through 
inheritance. .J 

l ^ • ■ 

BACTERIOLOGY 

k 

dacteriqj.cgyi daals wit'?i^ the study of nicraorganisms - ^' * 
;<jiown as bacteria. ^ It includes a l^rge* group of- typically 
unicellular microscopic organisms widely_ distributed in 
air, water, ^soil*, the bodies' of living plants aad animal^', 
-and dead organic matter. The so-called' true bacteria 'aJ^ iii 

^a^,(bl4ss by themselves, neither plants nor animals. ' Soru^* 
higher'. bacteria border on the pl4a^'S and * are m6re related ^ • 
to^tHemj other higher bacteria Dorder o.n the animals. ?or 
this reasoTi it is not possible to classify bacteria with ' > 

^th%* plants or- animals. 'They are sometimes placed in 'a third ' 
kingdom, ^ intermediate bet^eeri plants ^and animals. For uni- 
formity /bacteria are still placed in the' plaift kingdom'. ' It ' 
is quite possible that in future classifications the bacteria 
wiia be separate^ from the plants and m^ade a kin-gdom equal in 
rank to the plant and animal kingdoms." Bacteria do notL exist 
as J)art5 of organisms ,^ only as single •^cells . 

bacteria ^re founci everywhere in nature^ in soil,^air5 and 
■ water. Bacteria are fc^d in the human body. Jhey manufacture 
Vitamins and h^lp hr^ak^dovjn -food and are eliminated wj,th waste', 
procfticts and decompose organic matter. Bacteria known as 
^aprpphytes live .oni dead organic matter, while others 'subsist 
on livingj;fnat-te'i; and are called parasites, which gan be pathogens 
Pathogenic ba(!::teria cai^se^ disease and are the reason for chlgrin- 
ating drinking waters, an?r=ns7astewater effluents. Saprophytic ~ 
Organisms are the most ^prevalent bacteria an* ar% responsible for 
the organic 'decomp0g-ij: ion ' in wastewater treatment. . ' /. - . 

There ane thousands of type's of bacteria, and .they are ^'7^ 
classified according to various characteristics, one of ^ which 
is shaj^. There ^arp three i)^sU^ shapes, a spheroidal, cell is 
called*a coccu^; a fcylindrical ^cell (the most numerou4 in ' 
wastev/ater plants) i^a^alled bacillus;^ and the spiral snaped 
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bacteria known ^a? spirillum . Bacteria of ♦feach shape can appear 
•in different groH^^^ngs . > • ^ 




1. 



BACTERIAL SHAPE'S - ^ 

Coccus (cocci): spherical or- e^^l ipso$^.al |^ ^ 
Coccus O Siplococci OO * Streptococci OOOO 
Staphylococci' 



2.' Bacijlipe f bacilli) : cyliiMriral or r^od-like 
' Bacillus Diplobacilli J Streptobacilli 





Spirj.llum 



Vibrio 



r 



- : Bacteria^t can- ^a^so l/e d/4scribed by their growth requirements 
^ Lik^ other 'living- organisms ; bacteria have certain .requirement s 
fo^ growth. ^The most imB.ortant ^ factor s influencing are food 
anil safficient fuBi^ture *tcr carry food into the cell ! Bacterial 
grajj^th is alsp sensitive to^fempei^ature and each type h^s an : 
aii*56ptimum t-emperature at vyhich its. growth is greatest. A few 
Qrg^anisms ki^own ^ psychr.ophiles . are capable or growing at 
5^C\ '(^l^F)^''or l^ss; ^ those that grow best .between 25^0 (77^F) 
and 40'^C (104°?.) are 'called mesophiles; and 
.^temD^rature , range of 50^0 (122°F) to 55^^C (1 
* thCTmophdles . Most^ organisms perfer ^ pH'rar|ge 
for .optimum g^owthl' Thei^e are exception^/ An 
in sewer ''pipe corrbsiaij can grow at a pH* of ^ 1 , 0 . Besides pH 
and 'temperature faotors, ,bac-t;eria/l *g2:owtH is also ^J.nf luenced 
, by oxygieft. availability . Th.ose .organisms tnat require free 
oxygen f'or^ growth ar^a called ^er'obes ; those that grow without 
ftee oxygen are ]<;nown '?s anaerobe s . ^"^^cultative organism^ are 
"ia type ••that , can adapt to either environment.'-^' t 

Many other conditions affect the growth and survo^^vjal of 
bacteria.^ 'Included are^light^, h^at, drying, bacteria^l agents; 
bacteriostatic ag,ent?7-''^nd antijietabolites of. various kinds, ; 




with an optimum 
, are called 
of^. & .to 8.0 
rga^sm involved 



^The^ heat requirement for 'optimum growth of 
with 'rhe ^species and was*^ discussed previously, 
destroyed' by Tow t^peratures hfost bacjfcfe 

Ji^tion 



ba*ct eria varies 
Bacteria are not 
l*ow t^peratures .** hfost bacjfcferia reproduce very 
slowJpy or not at all under fb^se conductions . Wh^n transferred frgm 
the iTozen state to a more suitable Environment,' ' 
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they can carry on a normal life cycle. Extreme hellt destroys 
all bacterial species, although those ^ich are in the spore 
stage will be capable of withstanding mu#h more heat than 
. those whi^ are not. Moist heat or steam is more efficient in 
destroying Dacteria than dry heat. 

Certain wave-lengths of -light are desti^uctive to bacterial 
cells. Thosai that lie iYi the ultra-violet region of the 
spectrum are especially destructive. For destruction to occur, 
^the_ li£ht_ ray must strike the cell_ directly. - 

, " ^ Bacteria cannot reproduce without moisture. Drying, 

or dessication, of food materials is therefore a method for 

\ its preservation from decompo?^ j^t ion by bacteria. Spore-forming 

bacteria may su»rvive in a dry environment but they cannot function 
normally. 

A 'germicide is substance which destroys a bacterial 
• ^ cell* on contacy and a b'acteriostatic ag^^ is a substance 

which prevents^the cell , from reproducing. A bacteriostatic 
. agent indirectly brings about the' destructioxi of the bacterial 
♦ . . pulture, since wil^h^^t reproduction there can be no continuance 
of life. The best knoyri germicide' in the water and wastewater, 
vfield is chlorine. 

Antimetaboli-0es are-* substances which destroy or; alter 
A ^ metabolic a,gents or growth factors essential 'to* the normal ; 
^/ life p^ocesses^f Abacterial cell. Without normal grgwth 
and repi^oduct idn life ceases. Some of ^the antibiotic drugs 
used in'treating disease are ^antimetabolites ■ 

Bacteria are identified through a systematic application 
of procedures ^ich are 'd;esighed to (1) secure a ''cult-ure" 
' of bacteria, tifet is a very* Targe number of- living bacterial 
cells ijl or on ^a medium which provides adequate food -for t^iem, 
(2)^. by s,uccessive sub-culturing , secul:^e a Separation of the 
iridividuai ^peoies from eac-n other, ^3)" deter^mine tfie cultural 
characteristics of . eagh species ^ i-^) determine th^ morphological ♦ 
characteristics o^f each specie's by' examination of stained 
, preparat i"ons of bacteria^ cells. ■ c ' 

There 'are\many kinds pf bacterial cultures, e.g. growth 
in solutions or Tiquid -suspens ions af the nutr^ient- materials ^ 
growth in suspensions of the nutrients in j^lly-likV sub- 
'Stance suqh as agar or gelatin, grdftTHvon the surf ace pf 

^animal^or vegetable tissue, and gr6wth o% the flesh or in the ' 
blood -stream of anima^'-s. Th^re are a host of m^te^als used 
* as nutrients, ranging from simple inorganic salts to organic, 
calrbohydrates. such as sugars',^ io relativels^ simple protein 
substar^ces sugh as egg albumin, ^'and to the extremely complex 

.proteins 6f animal tissue, , > ^ 
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Sub-culturing is the process y of securing g^^^wth of the 
.bacteria in colonies and. "fishing" a colony for regrowth. on . 
fresh medium. In fishing, a sterile^ wire is gently toucl^d ^ 
to a surface of thq colony thus removing a few'^cells whiqP'cling 
to the tip of the wire.* 'These are then immediately transferred 
'■to a fr^h lot of sterile m^dium^ in another vessel. Incubation 
of the transplants then produces new colonies. A successive 
number of such transfers eventually produces a "pure" cult-Aire, 
^ that is a- culture of a s^ftgle species. 

• Small amounts of the pure cultures are inoculated into 
specialized media to determin^ growth characteristics. These 
media often consist of c5rbohydrates of various kinds differing 
~ ^Tn cliemical- "structure" and complexity T Gr6wtTr"is Usually inaicatecT" 
by production of a cloudy effect. The number of Suspended cells 
increases and acid and/or gas are produced as the oarbohydrates 
are decomposed -by the bacteria. • . ^ 

A wide variety of stains and staining ^techniques are available 
to enable' the bacteriologist to oj^serve size, shape, spore forma- 
tion, presence of flagella, etc. under the microscope. 

As a basis for identification, the bacteriologist draws updn^ 
the written, record of the observations made by generations of his 
predecessors on thousands of bacterial species. * 

Most v/aters contain large numbers of bacteria. The numbers 
may vary depending upon the source with water polluted by waste- 
* water containiftg-as many as thousands or .even millions per milli- 
Ifter. There are at least five diseases of bacterial origin which 
can be transmitted through wastewater contamijaated water. It is 
impractical to ascertain . the safety of a water by analysis for 
each typaL of pathogenic bacteria. Most pa±hogens ,are very diffi- 
cult to isolate and an excessive amount of time would be required 
to complete such an analyses. A more practical scheme is* to 
examinel the Vater for the presence' or absence of an organism or * 
group ors^org^isms specifically identified with wastewater. The 
coliform group of bacteria, whose ^norma,l habitat is the large 
intestine of man, conforms to this requirement. These bacteria, 
of which there are more 'than 30 individual^ species, conform^ to 
the requirements o^ an ideal indicator of ^wastewater contamination 
which a^'e: 

1. Always' present when wastewater is present 
r '2. Always absent when wastewater is^^ibSfent 

3*. Survives longer than most pathogenic species 
4. Easily isolated and identified 

Th^e coliform group of bacteria 'are specifically "all^the 
aerobic and facultative anaesTpbic, Giram-negative , non-spore form- 
.^--ing^ rod shaped bacteria which 'ferment lactose with gas formation '\ 
with< 48 hoi;^rs .at 35^C. Their*e are two bacteriological methods 
available for estim^JLing the degree of wastev^ater contamination - . 
the multiple tube fermentation method and the membr^e ; filter method, 

•* APHA, AWWA, WPCF. Standard Methods fqr the. Analysis of Water 
and Wastewater , 1975, 14th Ed., New' Yotk- . 
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BASIC LABORATORY SKIk^S: MODULE III - MICROBIOLOGY 

» ijesson' 2 . Laboratory Techniques 



Media Preparation 



OPERATING PROCEDURES 



ST^P SEQUENCE 



INFORMATION/OPERATING GOALS/SPECI'FfCATIONS 



TRAINING 
GUIDE NOTES 



1 . Preparation of Ef 
Broth I J 
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, 1. Weigh 1.85 grams of de- 
hydrated ^C Broth. Close 
' cover of bottle of dehy- 
drated medium tightly after 
removal . 

1^. Dissolve in 50 .ml distilled 
water. ^ 

3. Place 10 ml of the solution 
of prepared EC Broth jn- 
each cul turq^tiibe. 



4. Insert one fermentation 
vial into each tube of 
medium, open end down. 



5. Place WBe cap on each 
tube of culture medium. 

6. Sterilize in^utoclave. 



la. Dehydrated media tSke moisture out of air, bec(^me 

caked. \ 
lb. Caked media unsatisfactory; discard. i 
Ic. This amount i^ sufficient for 5 tubes, v •fc 



2a. Gentle heat if necessary. Ho boiling. 



3a. 
3b. 

3c. 

4a. 
4b, 



Use 150 X 22 mm tubes. 

k) ml pipet, automatic pipetter, or funnel and 
pinch^ock are acceptable. 
Accuracy of delivery: 1 0.5 ml . 

Jubes and vials previously washed as indicated. 
Use 75 X 10 mm tubes. 



5i. After all tubes have been filled. 



6a. After all tubes have t^pen filled. 
6b. Sterilization at 121'^C for 15 minutes. . 
6c. Medium must be removed fjcom 'autoclave as soon as 
possible after pressure has* returned- to normal. 
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GLOSSARY 



'Aerobe - An organism that ^ grows best in the* presence of free * 

_ " ^' oxygen, # ' * • 

Anabolism - The cojis'truct ive process by which simple substances 

(^re converted by living cells into mbr3 complex compounds. 
Anaerobe - ^An organism which can grow without either air or 

free'cxygen^ * f • . 

Antibiotic - Literally , growth- inhibiting ; usually d^otes 

bacteriostatic su^b,srance produced by microorgaciism. 
Antiseptic - A substance ti^^t prevents ot inhibits the growth 

of microorganisms without , necessarily destroying Jihem, 
Asepsis - Absenee of septic matter or f^reedom from micro- ^ 

organisms ' ^ / 
^utoclave-- An' apparatus ^-or sterilizing by steam 'under pressure,' 
Autotrophic - -Capable of living, on irforganic matter* ' " - 

Baccilus - A rod-shaped bacterium;, a genus o^ rod-shaped bacteria 
of the family BacteTiaceae . ' * ' 

' Bacteria - Minute, one-celled, jnicroscopic , plant llkeor^nisms 
' which multiply by fission and lack chlorophyll. 
Bactericide - Any "agenf that destroys^ bacteria, * ; 
Binary fission -^A form of asexual reproduction involving * ' ' 

simple cell divis'ion of* t-he ^yt oplasm^ and T!ucleu*fe, if ^ 
^ present, into- two eq\ial parts, ^ > ^ ' * . ^ 

'Catabolism - The process of destruction or bi^^akdown of tissue 

and Cells ^from cpmple^k^to simpler compounds, , ' \ 

Catalyst'- -A substance that ac^celerates a chemi'cal or physical 

' , 'f^eaction without itself be ^:i^g ' destroyed or changed, 
'Coccus - A{i prganism which is ^ -round or"^ spherical in shaf e , 
Colony - A group, of bacteria, on a solid mediujH, usuqLl\y , 

^ w detiv^^d from the "multiplication of a single orAani^^m / 
anS visible" to the naked -eye, , - ^ 

Commensal ism -M.iving together of- two species, one of^which is 

' behe.flted by the association ^while tne" other is apparently-* 
neither' bene/ited nor ha.rmed, ' ^ ^ - 

Culture -^A^»owfh of - microorganisms , ^ * ' * ' 

'Culture medium - Any substance or prep|Lration suitable^ for * 
^ " > and us^d for the ^grQw;th "and cultivation of microorganisms. 

Decay - Decomposition of- organic compounds under aerobic 

' J conditions to form .amino acids which are then further 
broken >down. ^ . . 

DesicQi^tbr -^A closed vessel for apparatus or chemica'l^ that 

^ ^re to be ^ried^ and ' kept- free from moisture ;* usually -con- , 
taj^ns a ^ dehydrating agent. / 
Dye - A material ' used for sta;ining or colqriiig, consisting • t 

of benzene rings w^ith chromophore" and" auxochrome groups, 
, Enteric - Pert,aining to the intestines, / ' ^ 

Errzyme - An organic catalyst produced ,by^ a living ce^l 
Facultative aerobe - A microorganism which is fundamentally * M 

an anaerobe but can grow in the pi^senc^ of free oxygen, * 
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Facultative anaerobe - A microorg<akisni which is fundamentally 
■ * an aerobe but can grpw in ^the. absence of free -oxygen. 
Fermeritation - Incomplete oxidationl of car]::y::^drates and ^ ^ 

carbohydrate-like compounds by microorganisms. 
Flagella - Whiplike processes for motility. 

Formaldehyde - HCHO; a disinfectant gas with a pungent odor. 

Formalin - A 40% solution -of gaseous formaldehyde.- ' ^ . 

Fungi - A subphylum of plants which do not contain chlorophyll, 

including ba-cteria., yeast, and molds. ' - 
Germs - A micfrobe or bacillus. 

Germicide - S'ynonymous witti dieinfe^ctant . . . ' . 

Gram-negativ.e- bacteria - Bacteria which' lose .the initial statin of 

the Gram stain,, are decolorized, and taike t;he color^' 
* . of the final stain. 
Gram-positive bacteria - Bacteria which take the initial t 

stain of -the -Gram stain an4, are not decolorized, so 
, that they .appear • purple . 
Incubator j An apparatus for maintaining a'^constant and ^ 

Suitable terifiperature for> the growth and development of 

a bacterial culture or other materials. ^ * 
Indicator - A substance, usually a weak organic acid^|> base, 

which changes eolor when the reaction of a s^'ution 

changes . W - 

.Mesophilic bacteria - Bacterid fhat grow best at moderate' ^ 

temperatures. 

tletabolism - The sUm of all the physical and chemical:* proc^elses • 
by which the tissues- are formed and' maintained and ^enerigy 
is made available* for use b^ th« body. - , 

Micromicron - The i^illiorTth part o% a micron or lO'"'-'^ 'cm., - * 

designated by the «ymbolxY^- 

Micron or. micr^illimeter One-millionth, part c5f a meter, or ^ 
. one-thousandth p^rt. of a millimeter, or 1/25 ,000 oP an" , 
• inch, designated by the Greek letter/^.' > , 

Mixed 'culture - Growth of two oir mOre organisms in' the same 

medium. . , ^ ' * ' . ^ 

'Morphology 7 The science of ^the f o^m ' and ^"^ructure of .organized" 
.beings . ^" - - ' ' \ * ' 

•Mycology' - The science and sti!idy of fun§i. 

Obligate aerobe - Ah organism vhich must have free oxygen for ■ 
^ , its growth. , , ; ^ ~ , 

Obligate anaerobe - An organism which can live and grow only 
i'n^an environment with no or. minimal amounts of free 
oxygen. ^ \ ^ ' ' 

Osmosis - Passage throi^h a membrane ;. when two .solutions of t 
unequal"density are separated by a membrane which .selectively 
prevents the ,passa^e of 'solute particles but is permeable 
. to the solvent,' pure solvent gashes from the lesser to 
.( *,the greater concentration/ ' . • ^ 

Parasite -'A pl^nt ^or ^animal .which "liv'^s upon or within ajiothep 

living organism at whose expense it growg without "giving 
".anything in returns. ^ , \ , 
Pathogens - Disease-producing microorganisms.' ^ ■ 

Phlftiol Carbolic acid, a colorless crystalline compound' CgH^OH,' 

^ 'obtained by the distillation of coal taiv and having strong ♦ 



antiseptic/ and disinfectant f^l^operties . 
" Phenol ^cdpfficient M, numbeip indicating the relative, efficiency 

Jof disinfectants. It^iSj^the quotient obfa'ined by dividing 
the highest dil^ition of ^ disinfectant, which Kills a 
. ^ test prga4.sm 'in a Jrixed time by the .highes't ' dilution of 
. ^ , phenol showing the same r»esultGr ^ "^^^ - - ' • 

Protozoa Unicellular, nucleated, animal organisms lA^ith 
, diversification arid specialized f\inction^ of the prc^oj)lasm. 

. Psychrophilic bacteria - Cold-Gloving bacteria whose optimum . ^-^ 
temperature for growxh i^L5° - 20° C or below. 
Pure Culture - Specific baclierial growth of ojily or^e type o£ 

, organism.^ . ' > . " "\ , ^ ' \ ' . ~ 

.Putref aqtioij r- The decomposition of a^iiimal or vegetable matter? 

^ in "the absence o^ ^^ygen and charact^iUzed .by^ the formation 
^ of amino ^cids, mercaptans, in'Uol, skatol^ and^*hydrogen\ , 

. * . ^ suf f ide^,; wi^h an ac^compan^j|^n^ unpieasatrft odor. 
•Stab Cultures - ^Cliltures in which the o r^a*n isms ■ are inopulated 

far down into the solid' butt of the medip.m to allow for 
^ possible anaerobic growth ^ ' • . - ■ 

Stain - An;^ dye, reagent, or other mSferi^l^^ used in, Jibloring ; v 
"tjissues or organisms, for microscopic 'study . v 
. Sterilization - Tha^^ocess of freeing' cGtfnplet^ly from aj^l 

* * living mi^J'oorganisms . ; ' « ' ■ • " ' 

^Streak - .Inoouldtion ^of slant/ or plates vjwith a. streak or a direct 
^ line movement- a^tross. the surface 'of cu^tfure medi^. 

^Symbiosis - -The living ^oge'ther or' clD$e * association of two. 

dissimilar organisms witft mutual benfefit./ ^ » 

"^Thermal 'death point - The temperature whi*ch destroys all the, 

^ . bacteri^present^ ^thin -a given time. ' ^ 

Thermal death tiial -'The ifngth of time require'd -to kilT all 

fhe organisms '^iri' a ^ive^' substan'pe ' at- a ^giv^n temperature, 
hermophilic bacteria - Bacteria whicif grow b'esIP at a tejnperature 
' _ of 5,0^ - 55°C. • • \ ^ * / " ^' ir 
. Transfer of cultures - Tran^plantTng v^iable bacteria from an old 
medium to a' fresh new one. • * . % 
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~ ' MODULE IV 

^\ ^LABORATORY INVENTORY- ^ * 
ORPEHNGvEQUIPMENT AND SUPPLIES 



One of t]ie areas ^that often.*overlooked in ghemical ^ 
laboratories ist^e equipment and supplies that arc needed. 
Per ^ the' parameters %iat are required in thd permit, there is 
a .listing- df all #^uipment and supplies, that are required. 
Tl^ese are broken down 'into three catagories: • ^ 

a. Capital Equipment 

b* .^Reusable^Supplies , 

c*. . Confeiimable Supplied ^ > 

Capilral E^ipment is usually equipment, purchased on a ^ 
one-time, basis . and i'^ $ida. 00 pr more. * . ^ 

■;lt shoul^ be noted' that some communities or agencies - 
may have other set figures for distinguishing capital ^^(^ip- i 
ment. from reusable ^suppli^s'.'^' Y ^ ' 

. Reusable ^ supplies ^re usually less than $10/. OO but 'will 
'have to be replaced periodically because Ojf bre'^xage* 

^ V 

Consumable supplies are the supplies that will be,depleted« 
^ by everyday u^e. ' ^ 

^An example of a supply list for the Fecal Goliform Test - 
Multiple Tube Dilution Method is given , on the following pages. 
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BASIC LABORATORY SKILLS: Fecal Califom Test by the Multiple ' ^ 

Dilution TujDe Method 

. General Description of Equipment Used in the Test Analysis , ' ' 

^ A, Capital E(fuipnient: ' 

!• Autoclave, providing juniform temp^'ratures ^p to and including 121°C, 
^ ' equipped with an accurate thermometer, pressure gauges, saturated steain 

power lioes and* capable of reaching required temperature^within 30 mirwtes. 

2. Balance; 0.1 g. sensitivity at load of 160 g. ' 

. *3. Air incubator to operate at 350C + 0.5°C.^ , 

^ 4. Incubator, waterbath, to operate' at 44.5°C + 0.2°C and to accommodate 
^ tube racks as described separately. - * 

' 5. Oven, hot-air steri'lizing, to give uniftnji temperatures and with suitable 
thermometer to, register accurately in range of 160-180°C. * 

-6, .pH meter, accurate fo at least 0.1 pH unit, with standard pH reference 
^s.olution(s^. ' . ' ' ^ 

• 7. Water distillation apparatus (glass ory^lock tin), or sourcie of distilled 
^ ' . water suitable for bacteriological cglture media. 

f ' ' ' ■ • ^ ' ' • 

Reusable Supplies: ^ : . 

-r 1. Apron^or coat Suitable for Taboralory % 
2. Baskets, wire for discarded cultures- ' ^ ' 



3. Bottles, dilutioj^, 6-oi. screw caps,^with 9.9 ml volume level etched on 
one side. • - 

4- Bottles, 'sample , 250 jnl (6-8 oz.), wide raouth, glass stopper preferred.,, 

*- «c - 

5.' Bottle, squeeze type, with, disinfecting solution ' ' , 

*'6. Burner , 'g^is, Bunsen burn6f\type. ' ' ^ 

7, Cans, pipet, aluftiinum or stee^l; not> copper . (If plastic, or other 'type ' 
of -disposal pipets are used, this item is unnecessary.), ^ 

"8. Metal caps* to fit 20 x 150 mm culture tubes ^ 

9. Jar,' to receive discarded pipets , . ^ ' 

10; Inocula^tio%loop^/3 ithti diameter loorp of^iclirome or.platinum-iridium 
. wire, 26 BSS^'^gJuige^ in^holder. , * * ^ 

IK Pipets*, Mil, mt)\ 0.1 rtl graduations, Hohr type preferred," sterile, 
V- cottbn plugged, glass or disposal piastre - . ' 

12. I^acks, .calture type^MO x 5 openings, to accept tubes at least 20 mm • 
.in df&meter ^ . * " , 

\.13. Sponge,' for'cleaning desk' top i % . ' . ^ 

14. Tubefs, cuKurjB*, 20 x 150 mm. * . t 

15. ^Tubes^ fermentation , T2 x 75 mm vials to be inverted in culture tubes 
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BASIC LABORATORY SKILLS: FecaT Col i form Test-by the Multiple' 
. ^ Dilution Tube Method 

C.', Consumable Supplies: (must be replaced when stocks get low) - 

[ 1. Distilled , water, suitable for bact^rWogica} cultures (note di^ti^Jlation , 
apparatus required in capital equipments) 

2. EC Broth, dehydrated (recommehd purchadfe of 1-lb units) 

3. Lactose Lauryl Sulf-atB ^r^tose Broth ^ why dra ted (recommend purchase 

of 1-lb. units) . ' ' ^ \^ . 

4. Potassium Dihydrogen Phosphate (XH^PO^^ recommend purchase of 1-lb. units) 

5. Disinfectant, for benqh tops. (Us^ househald* leach Solution prepared 
according to instructions on bottl^) ' ' ; - 

e. Waj( pencils (xecommend soft v<ax equivaTen^ to'Blaisdell 169T) 



* Itemyyarked^ are needed in quantities or require size or space allowances 

— -wfrK^^annot be specified here^ as they vary according tc^'the dai]^ analysis 
schedule. As a rule-of-thumhm' space/sj ze or quantity requirements should be 

' at least .3' times the normal daily requirements. For further inforipation on - 
specifications for equipment and suppUes, see the Microbiology Section of* 
the current edition of JlStatidard Methods for the Examirihtion of Water^and 

I Wastewater." • ^ < ^ « ; ^ ^ . 



, ASSI6NMENJ #1: EquiprpeQt and SuppTies for FecatT Col i form * 

Test - Multiple Dilution Tube Method » ♦ " , 

Assume that you are responsible i^r the effluent mtni tori ng tests for your ' 
•t^eatment plant, which has an -average daily, flow'18 mgd.: In addition, you 
cpnduct the effli*©)it, monijtoring tests far 2 Small plants in your vicinity, 
eacTi^ of whicji has an average daily flow' between 1 and '4.99 mgdt ^, ' 

Prepare a pua/^hase re/iuest, based oh information in catalogues ma^^e^ai Table 
to you by your instructor, for the, items shown beldW. -(The amount sbrould be 
enough to last one year. The si^ze of fixed eqqipmeat should be ap;j#^priate 
• to the amount of lab v/ork required; assume that the, sampling schedules will' 
.be set 'up to have the. work from the sCirrounding tabdrafof ies <:ome in on a 
scheduled basis*to provide an even da i ly workload. ) ' - ■ ' 

Order: Wax pencils * * . ^ 

EC Broth (dehydrated) . • 'V 

Fermentation Tube Assemblies ^ ^ » 

Autoclave. ' ' * - 



' Minimum information in the purchase request should identify - 

' a. YourseTf, -as^he-3riginator of the "request 

' b.^ The name of tte itOT(s) requested ; 

• * c. The size, and rftimber of tfie item(s) 

d'Nj^ costiper unit and the total cost for the item 

tf. Tbe rfame of the cataloglie from, which you obtained 
, the item, the stock number of each item selected 

from the catalogue, and any other identifying ih-^ ^ 
- formation »that the pur^chasing officer 'should +lave. 
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ASSIGNMENT #2: Equipment and Supplies for Fecal Coljform^- " • . 
r * Test Multiple ^Dilution Tube Metljod 

, ^ ' • : • 

Assume- that -you are responsible for the effluent monitoring "tests -for -your 
treatment plant, V/hich has an .average -daily flow of 45,m9d. In addition, 
••you conduct the-effluen^t moRit,oring tests for 3 small 'plants in your Vicinity, 
eacl> of. which has^an average daily fjow between 1 and 4j9§l#^d.' 

Prepare a pgrchase rkuest, bashed on 4nf.ormattoru in catalogues made available 
to you by your 4nstri!icton|-For the items ,shpwn beTow. (The amount should be 
enough to last one. year. ^The s-jze of fixed equipment shOu^ld be appropriate 
•to the amount of lab work Required; assume that the. 'sampling schedules will/ 
be set up to have the wopk from the surrounding laboratories come in on 'a. 
scheduled .basis to provide an even, dai ly wopk.load.) ^ \ 

Order: Pi pets . • ^ * * ' , # • ' ■ . 

Lactose t^tucyl Sul fa te^ Try p'tose, Broth (dehydratedj 

' Water Bath ^Incubator . - 

% - : , ^ ' 

Laboratory Aprons or Coats . ^ , ' . ' - 



Minimum information in'the purchase request should identify — 

. ' a. Yoyrself, as the ^originator of the requ^ 

b. The name 'g.f the, item(s) requested' 

c. The si^e, and nymbev of thejtem{s) ^ 

, d. The cost per unit. and the total xost'' for 't^e i:tem 

^ a. The name of the catalogue from whi'ch yau obtained 
the item,, the stock^number of each item selected f 
from' the catalogue, and any otherldfentifying in- 
formation that the purchasing of^er should have. 
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